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Platr 9. Au. — Distribution of the intumescences on cabbage leaves. B. — 
Intumescences on cabbage leaves photograpiied by transmitted light , . , , 

Plate 10. A.— Section of cabbage tumor after seven days, showing the chains 
of cells beginning at the epidermis and areas of small cells in active division 
in the center of the leaf. B. — Section of cahhage tumor after two weeks’ 
growth 
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(H) after exposure for the time given on the labels in minutes to — 1.5“ C. 

The plants from the coldframes were not frozen 
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Control 

Plate 13. A. — Cucumber leaf five days after inoculation with Bacterium loc/i* 
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Minn., but with subsequent history of Rj — Bj—Ri — W3— Bj — R, 250 

Plate iS. A. — Puccinia graminis triiici from Hordeum juhaium, originally from 
Moorhead, Minn., but with subsequent history of Rg — B4 — ^Ri — — B5 — 

Rp Small uredinia and sharp flecks on rye. B, C. — Puccinia graminis 
triiici an vfhe.at 

Fumigation op Cattle y a Orchids with Hydrocyanic -Acid Gas 

Plate 19. Cattkya schroederae five months after having been fumigated with 

hydrocyanic-acid gas at the rate of i ounce per 100 cubic feet of space — a68 
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Plate 21. A. — Sweet-po^to softrot, caused by Rhizopus nigricans, B. — 
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Sphaeronema fimbriaium and confined in a moist chamber. B, — A typical 
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Plate 34. Cultures with greensand deposit: A. — Red clover. Potassium 
supplied in greensand deposits from Red Bank, N. J. •!, Series with, green- 
sand marl from upper stratum. II, Series with greensand from lower 
stratum. B. — Turkey Red wheat. Potassium supplied in greensand 
deposits from Red Bank, N. J. C. — I, Turkey Red wheat. Potassium 
supplied in greensand marl from Pamunkcy Valley, Va. II, Red clover. 
Potassium supplied in greensand marl from Pamunkey Valley, Va 492 

Seedling Diseases oe Conipkrs 

Plate B. r. Norma] damping-olT on western yellow pine; caused usually by 
Corticiuni vagutn, Fusariuvi spp., or Pyihium deharyanum, 2, 3. Blacktop 
damping-off on jack pine; probably caused by TricAode rma sp- 4. White* 
spot injury, common type, on western yellow pine; usually due to excessive 
heat at soil surface, 5. Whitespot lesion, one-sided type, on western yellow 
pine; due to heat. 6. Bate damping-off resulting from inoculation with 
Pyihium deharyanum on red pine more than 5 weeks old, 7. Wind injury 
to jack pine 558 

Histological Studies on Potato Leafkoll 

Plate C. Camera-Iucida drawing of diseased tissues of the Irish potato: i. — 
Tranverse section of an internal phloem group showing initial stage in for- 
mation of intercellular spaces. 2. —Tranverse section of external phloem 
and pericycle showing the same condition, 3. — Tranverse section of inter- 
fascicular region of mature stem showing necrosis in xylem, cambium, 
medullary ray cells, and cortex, 4. — Transverse section of external phloem. 

5. -Transverse section of internal phloem of mature stem, showing severe 
necrosis. 6. — Transverse section of internal phloem group, showing forma- 
tion of a large intercellular cavity extending up to the protoxylem and 


involving a fevv cells of the ph toem 570 

Plate 35. A, — Normal potato plant, Paul Kruger variety, Ithaca, N. Y., 

March, 1916. B.— Potato leafroll in Paul Kruger variety 570 

Plate 36. Typical potato lea/roll in Early Rose variety ^ 570 

Plate 37. Typical potato leafroll in Paul Kruger variety 570 


Plate 38. A, — A -cross section through upper part of stem, show-ing necrosis in 
outer phloem and cortex. E.— Cross section through distal region of stem, 
shoiv-ing formation of intercellular spaces in outer phloem and cortex. C,- — 
Cross section tlirough distal region of stem , sho wng formation of intercellular 
spaces between the cells of the inner phloem, D. — View of another phloem 


group showing cell wall tliickening 570 

Plate 39. A. — Cross section through lateral bundle of petiole showing a 
diseased phloem group in the internal region and the effect of necrosis on 
the surrounding parenchyma. B,— Cross section of stem, showing an 
unusual type of necrosis ' 570 


Plate 40. A. — Cross section of stem showing granular deposit in cell of cortex 
and formation of intercellular spaces proceeding from the region of the 
fibers centripetal ly. B, — Cross section of stem showing large schizogenous 
cavity between cells of pericycle and cortex and centripetal advance of the 


formation of intercellular cavities 570 

Pla.e 41. A. — Section of middle portion of stem showing necrosis in cells of 
cortex and primary phloem. B. — Cross section of middle portion of stem 
showing diseased areas in pericycle and outer phloem 570 


Plate 42. A. — Cross section of intemodal region of upper part of stem showing 
radial stretching of the elements of the pericycle. B. — Longitudinal sec- 
tion of nodal region of upper part of stem sliowing extent of necrosis 


570 
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PLAtS 43 . A. — Cross section of petiole of mature plant showing severe necrosis. 

B. — Cross section of nodal region of stem tip showing formation of lai^e 
lysigenous cavities ejftending from cortex to pith and involving inner 


phloem groups and metasylem 570 

Pi,AT5 44. A. — Cross section of stem of mature plant, showing necrosis of in- 
ternal phloem together with radial elongation of the cells of the perimed- 

ullary zone. B. — Enlarged view of a necrotic internal phloem group 570 

Plate 45. A. — Cross section of midrib of mature plants (Magnum Bonum i, 


lowing abnormal development of the vascular tissue with thickenings of 
the walls of the phloem adjacent to the fibers. B . — Cross section of.petiole 
of mature plant, showing abnormally large development of the vascular 


tissue of the petiolar wings 570 

Brown Cankhr of Roses, Caused by Diaporthe umbrina 
Plate D- Rose cane showing lesion of the canker caused by Diaporiftc umbrina. 600 


?LATE 46. A. — Rose cane showing the appearance of the canker caused by Con- 
ioikyrium fuckelii. B. — A rose stem showing local infections produced by 
Diaporthe umbrina. C. — Culture of Diaporthe umbrina from stage B on a 
rose stem showing beaks of perithecia. D. — Culture on a rose stem from 
stage B showing spore masses extruded from pycnidia. H — Pycnospore 

masses from culture shown in figure C 600 

Plate 47. Diaporthe umbrina: Results of inoculations A. — ^ntrol. B, — 

Rose stem showing infection produced by inoculation with stage B; cut 
rose stems placed in moist atmosphere under bell jars in the laboratory. 

C. — Control. D. — Rose stem showing infection produced by inoculation 
with stage B ; rose plants in the greenhouse t . . . . 6oq 


Parasitism, Morphology, and Cytology of Cronartium ribicola 


Ih.ATE 48. Cronartium ribicola on Pinus strobus: A. — This figure illustrates the 
etiolated condition of the bark in the case of a comparatively young nodal 
infection. B. — This figure illustrates an intemodal infection, somewhat 
older than that showm in figure A, in which the infeetion apparently orig- 
inated at the base of the leaf fascicle (a) 

Plate 49. Cronartium ribicola: A. -The edge of apycnium in section. B. — 
Part of the same section showing the general relation of the elements which 
ga to make up the sorus and their relation to the host cells beneath. C.— 
Tangential section in the xylera, showing the cut end of a ray and the man- 
ner in which a haustorium (a) may rise from the hyph® in the ray and enter 

the lumen of the tracheid 

Plate 50. A.— A figure illustrating the relation of the pycnium (a), tlie heavy 
black line at the top, and young sec mm, to the host tissue. B.— A section 
through a mature aecium, taken a little to one side of the break in the bark, 
to show the sedospore chains (0), the multilayered peridium (6), and the 
overlying host tissue. C. — A similar section showing a double pycnial layer 
(o, oj), and the location of the cork cambium (b) which cuts out the old pyc- 
nium 

Plate 51. Cronartium ribicola: A.— A median section through a yoimg uredi- 
nium forming in the space beneath a stoma. B.— A section through the 
same uredinium as that sho-wn in Plate 55, C, taken to one side of the break 
in the peridium , toward the edge of the sorus. C.— An internal uredinium 

from the cortex of Ribes hirtellum 
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Pi, AT 15 52. Cronartnimrihicola: A. — A section of ayoungtelial column. B. — 
Alaterstagein the development of the telial column. C . — A longitudinal 
section of a mature column. D. — Higher power view of the same section, 
showing the arrangement of the individual spores, and the size of the nuclei. 

E. — A cross section of a small mature column 660 

PlaTB 53. Cronartium ribicola: A drawing to show the intimate relation of the 

mycelium of the parasite to the host cells 660 

P1.AT1J 54. Cronartium ribicola: A. — A drawing of an infected 12-year-old main 
stem. B. — Drawing of a section through part of a young secium showing 
the relation of the fertile cells with their denser protoplasmic contents to 
the overlying sterile cells, in which the cytoplasm and nuclei have begun 

to go to pieces 660 

Platr 55. Cronartium ribicola: A. — A drawing of a median section through a 
very young uredinium. B. — A drawing of a median section through a 
young uredinium, somewhat older than that illustrated in figure A. C. — 

A drawing of a median section through a small mature uredinium 660 

Pi,AT5 56. Cronartium ribicola: A.— A drawing of the cell relations near the 
edge of an secium to illustrate the formation of the multilayered aeeial perid- 
ium. B. — A drawing of a section through a mature peridium, taken from 
the same series as the photomicrograph in Plate 50, B. C.— A drawing of 
a short mature telial column in which the teliospores (a) have germinated, 

producing promycelia and sporidia (i) 660 

Plate 57. Cronariium ribicola: A. — A mature teliospore from the tip of a 
column. B. — A mature teliospore from the side of a column. C. — A ma- 
ture teliospore from the side of a column. D. — Five germinating teliospores 
from a longitudinal section of a column. E. — A germinating teliospore. 

F. — Early prophase of the primary division in the promycelium. G, — 

Late prophase of the primary division in the promycelium. H.— Early 
anaphase of the primary division in the promycelium. I. — Later anaphase 
than that shown in figure H. J, K.—Two anaphase stages of the primary 
division. L.~Late anaphase of the primary division, M.~End of the 
anaphase of the primary division. N. — The 2-ceUed promycelium. 

0 . — Meta phase of the second division. P. — Telophase of the second di- 
vision. Q‘. — The reorganizing nuclei after the second division. R. — The 
completed promycelium. S. — Surface view of a germinating promyce- 
lium. T. — The tip cell of a germinating promycelium. U. — A little 
later stage than the last. V.—Surface view of a tip cell of a promycelium 
bearing a sterigma and a nearly mature sporidium. W.— A mature 
sporidium. X, Y, Z.^teps in the germination of the sporidia, AA. — 
Sectional view of a mature sporidium. BB, -—Sectional view of a germi- 
nating sporidium. CC, DD. — Two stages in the formation of secondary 
sporidia. EE.— Midanaphase of the division of the sporidium nucleus. 

FF.— Late anaphase of the same. GG. — Sectional view of a binucleate 
sporidium. HH. — Two cells from the vegetative mycelium in the pine. 

II.“A definitely polarized nucleus from the vegetative mycelium in 

the pine, located just beneath the fertile layer of the young aeeiuni 660 

Plate 58. Cronartium ribicola: A. —The elements of the pycnium. B. — An 
active thin- walled haustoriuni from a pine host cell, C, D, E. — Old haus- 
toria. F. — Telophase of division of one of tlie cells of the fertile layer to 
form a sterile cell. G, — A newly formed sterile cell. H. — A large polarized 
nucleus from the fertile layer. I. — An eecial basal cell resulting from the 
fusion of two adjacent cells of the fertile layer. J.— -A diagram of a basal 
cell resulting from the fusion of two cells from different levels. K.-^A 
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dis^am of a trinucleate irre{rular basal cell from the tip of which a tri- 
nucleate seciospore inititl has been cut off. h. — A diagram of part of an 
irregular compound fusion cell. M. — A basal cell with the nuclei in early 
prophase. N. — Part of a basal cell. 0 . — A later stage than the preceding. 

P. — Metaphase of the division in the basal cell. Q. — Early anaphase, a 
little later than the stage in figure P. R. — Midanaphasc of the division. 

S. — A later stage of anaphase than in figure R. T. — Final anaphase. 

U- — Telophase. The two groups for each pole are still distinct. V. — Telo- 
phase. The tw’o groups at each pole have condensed to single masses. 

W. — Prophase of the division in the aeciospnre initial. X.— Final telophase 
of the same. Y. — An aeciospore chain in section view. Z. — A large ma- 
ture aeciospore in surface view. AA. — A nucleus from a mature aeciospore. . 660 

Plate 59. CronartiuTK ribicola: A. — Germinating teciospores. B. — Sectional 
view of the aeciospore wall allowing the manner in which the germ tube is 
constricted. C. — A binucleate cell from the mycelium in a leaf of Ribes sp. 

• D.— A binucleate haustorium from a host cell of J?i6ejsp. E. — A uredinial 
basal cell. 'Fhe nuclei are in prophase. F. — Metaphase of the primary 
division in the basal cell. G. — Early anaphase of the same division. H.— 

A later stage of the anaphase. I.— Final anaphase. J. — A binucleate ure- 
diniosporc initial. K.~Metaphase or early anaphase of the division in 
the initial. L. — Late anaphase in the initial. M.— Late anaphase group 
from the initial, for comparison with figure L. N.--A basal cell bearing a 
stalk cell surmounted by a nearly mature urediniospore (a), and a secondary 
urediniospore initial (6). 0 , — Meta phase of the secondary division in the 
basal cell, preparatory to the formation of a secondary urediniospore initial. 

P.— A mature urediniospore. Q.-~A germinating urediniospore- in 
sectional view. R. — A germinating urediniospore. S. — A telial basal cell. 

T. — Metaphase of the division in the telial basal cell. U. — Late anaphase 

of the same. V. — Final anaphase of the same. W. — Telophase of the 
same. X. — A diagram of a telial unit column. Y. — The two nuclei of the 
young teliospore just previous to fusion. Z. — The two nuclei in the process 
of fusion. AA.— The large fusion nucleus. EB. — The fusion nucleus, 
slightly decreased in size. CC. — The mature fusion nucleus , 660 

Further Data on the Susceptidiutv of Rutaceous Plants to Citrus 
Canker 

Plate 60. Naturally occurring Citrus canker lesions on leaves of ChaeiospcT’ 


mutn glutinosa 666 

Plate 6r. A. — Hcsperethnsa crenulata, showing discolorations resulting from 
inoculations with P*3c«d£Wto»a5 citri. B. — Paramignya Ivngip^duTiculata, 
showing discolorations around punctures made with P. diri on leaves.. . . 666 

Plate 62. A. — Aialantia dirioides, showing positive results following inocula- 
tion with Pseudomonas diri. B. — Foriunella kindsii, ^omng results of 
inoculation with rain water on leaves, C. — Foriunella hindsii, showing 

results of inoculation with P. diri on leaves 666 

Plate 63. Evodia ridleyd: A. — Stem inoculated with tap water. B, C. — Two 

twigs inoculated with Pseudomonas diri 666 
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composing the crossbred herd 
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Hardening Process in Plants and Developments prom Frost Injury 

Fig. I. Graph showing change of the hydrogen-ion concentration of cabbage- 

leaf juice on freezing. Freezing at point x, thawing at point . *99 

2. Graph showing increase in acidity with increasing depression of tlie 

freezing point on concentration of cabbage juice. 1 and 2, midrib 
juice; 3 and 4, juice from leaf minus midrib loo 

3, Titration graphs for cabbage juices: i, juice from midrib ; 2, juice from 

rest of leaf. Precipitation was observed at points marked "x” ... . 102 


Chemistry op Sweet-Clover Silage in Comparison wuth Alfalfa S^age 


Fig. I. Graphs showing the acidity in water and alcoholic extracts of silage; 

obtained by colorimetric titration with phenolphthalein 1 17 

2. Graphs showing the quantity, in cubic centimeters, of alkali used in 

water and alcoholic extracts of silage; obtained by electrometric 
titration to Pq 7 121 

3. Graphs showing quantity, in cubic centimeters, of alkali used in alco- 

holic extract of silage; comparison of colorimetric titrations with 
phenolphthalein, and electrometric titrations to Ph 7 122 

4. Graphs showing qtiantity, in cubic centimeters, of alkali used in water 

extract of silage; comparison of colorimetric titrations with phenol- 
phthalein, and electrometric titrations to Ph 8.3 124 

5. Graphs showing quantity, in cubic centimeters, of alkali used in alco- 

holic extract of silage; comjiarison of colorimetric titrations, with 
phenolphthalein, and electrometric titrations to 9.3 124 


Catalase and Oxidase Content of Seeds in Relation to Their Dor- 
mancy, Age, \hTALrTY, and Respiration 


Fig. I . Graphs showing the effect of the acidity of dioxogen upon the catalase 
activity of after-ripened peach seeds; also the buffer effect of the 
seed material; i, 0.2 gm. of seed material, dioxogen neutralized; 

2, 0.2 gm, of seed material, dioxogen not neutralized; 3, 0.05 gm. of 
seed material, dioxogen neutralized; 4, 0.05 gm. of seed material, 
dioxogen not neutralized 143 

2. Graphs showing changes in viability and catalase activity in Johnson 

grass, caused by aging; Solid Iine=cataiase, broken Une=viability . 152 

3. Graphs showing changes in viability and catalase activity in Johnson 

grass caused by heating air-dry seeds at 81“ C. for various lengths of 

lime: Solid line = catalase, broken linc= viability 154 
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Fig. I. Miris dolabratus: A, adult on timotliy head in resting or feeding posi- 
tion; B, female ovipositing; C, eggs from oviduct, nearly or quite 
mature; B, mature egg ready for deposition; H, mature egg greatly 
enlarged showing membranous operculum 182 

2. Miris dolabratus: Nymphs showing relative size of body and develop- 

ment of wing pads. A, first instar; B, second instar; C, third instar; 

D, fourth instar; E, fifth instar 185 

3. Miris dolabratus, genital segments: A, female; B. male of fifth instar 

nymph; C, female; D, male of adult 186 

4. Miris dolabratus: A-F, antenncE of nymphs; F, antenna of adult male 

drawTi to same scale and showing relative lengths of segments 194 

5. Reduviolusferus L.: A, first instar; B, second instar; C, third instar; 

D, genital segments of female; E, fifth instar; F, adult male; G, 
genitalia of male 

ANGULAR-LEAFSPor OF Clcumbek: Dissemination, Overwintering, and 
Control 

Fig. t. Cross section of epidermal portion of cucumber fruit fixed eight d-ays 
after inoculation with Bacterium lachrymans, showing presence of 
bacteria in stoma and tissues below ao8 

2. Diagrams of cucumber fields to show relation of wind and drainage 

water to angular- leafspot dissemination a 10 

3 . Diagram of cucumber field to illustrate picker dissemination of angular- 

leafspot 3ia 

Plasticity of Biologic Forms of Puccinta graminis 

Diagram i. Results of inoculations with Puccinia ^ramtntJ from Agropyron 
repens showing apparent bridging before biologic forms were 
isolated 239 

2. Results of inoculations with Puccinia graminis tritici and P. 

graminis secalis from Hordeum jubatum, Moorhead, Mtnti . . . 330 

3. Results of inoculations with Puccinia graminis from Agropyron 

smithii, Mandan, N. Dak 23 x 

4. Effect of intermediary hosts on Puccinia graminis secalis and 

P. graminis tritici from Agropyron cristaium 233 

5. Results of inoculations made with Puccinia graminis secalis from 

Hyslrix patula 233 

6. Results of inoculations with Puccinia graminis secalis from Agro- 

pyron repens after various intermediary hosts 234 

7. Results of attempts to increase the infection capabilities of 

Puccinia graminis from Hordeum jubatum., Minot, N. Dak 236 

8. Results of successive transfers of Puccinia graminis tritici from 

Agropyron tenerum to barley and other hosts 238 

9. Results of inocul ations with Puccinia graminis iriiici from Hordeum 

jubatum after various mtermediar)'- hosts 240 

10. Results of inoculations with Puccinia graminis avenae from Dactylis 

glomeraia 241 

Soil Factors Affecting the Toxicity of Alkali 

The. I, Diagram showing the number of ivheat plants up and the dry matter 
produced in 21 days in quartz sand of different sizes containing 

sodium chlorid 288 

2. Diagram showing the number of wheat plants up and the dry matter 
produced in 21 days in soils of different texture containing sodium 
chlorid added in various concentrations 280 
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Fig. 3. Diagram showing the numbei: of wheat plants up and the dry matter 
produced in 21 days in soils of different texture containing sodium 
carbonate added in various concentrations sgo 

4. Diagram showing the number of wheat plants up and the dry matter 

produced in 21 days in soils of different texture containing sodium 
sulphate added in various concentrations 291 

5. Diagram showing the number of wheat plants up and the dry matter 

produced in 21 days in soils containing sodium chlorid added in 
various concentrations 292 

6. Diagram showing the number of wheat plants up and the dry matter 

produced in 21 days in soils of different texture containing sodium 
carbonate added in various concentrations 293 

7. Diagram showing the number of wheat plants up and the dry matter 

produced in 21 days in soils of diifetent texture containing sodium 
sulphate added in various concentrations ^94 

8. Diagram showing the number of wheat plants up and the dry matter 

produced in 2 1 days in sand with different amounts of garden soil 
containing sodium chlorid, sodium carbonate, and sodium sulphate 
added in various concentrations 295 


9. Diagram showing the number of wheat plants up and the dry matter 
produced in 21 days in sand wdth different amounts of peat contain- 
ing sodium chlorid, sodium carbonate, and sodium sulphate added 

in various concentrations 296 

10. Diagram showing the number of -wheat plants up and the dry matter 


produced in 2 t days in sand -with different amounts of manure con- 
taining sodium chlorid, sodium carbonate, and sodium sulphate 

added in various concentrations 297 

II. Diagram showing the number of wheat plants up and the dry matter 
produced in 21 days In sand with different amounts of garden soil 
containing sodium chlorid, sodium carbonate, and sodium sulphate 
added in various concentrations 298 


12. Diagram showing the number of wheat plants up and the diy^ matter 

produced in 2 1 days in sand with different amounts of peat contain- 
ing sodium chlorid, sodium carbonate, and sodium sulphate added 
in various concentrations 299 

13, Diagram showing the number of wheat plants up and the dr}- matter 

produced in sand with different amounts of manure containii-g 
sodium chlorid, sodium carbonate, and sodium sulphate added in 


various concentrations 300 

14. Diagram shoiving tlte number of wheat plants up and the dry matter 

]>rodticed in loam wiilt different amounts of chaff containing sodium 
chlorid, sodium carbonate, and sodium sulphate added in various 
concentrations 301 

15. Diagram showing the number of wheat plants up and the dry^ matter 

produced in loam with different omoimts of peat containing sodium 
chlorid, sodium cm-lionatc, rnd sodium sulphate added in various 
concentrations 303 


16. Diagram showing the ntimbcr of wheat phmU up and the dry matter 

produced in ai days in loam with different amounts of manure con- 
taining sodium chlorid, sodium carbonate, and sodium sulphate 
added in various concentrations 304 

17. Diagram showing the number of wheat plants up and the dry matter 

produced in 21 days in sand maintained at different moisture con- 
tents and containing sodium chlorid, sodium carbonate, and sodium 
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Fig. 18. Diagram showing the number of wheat plants up and the dry matter 
produced in 2i days in sand and loam maintained at different mois- 
ture contents and containing sodium chlorid, sodium carbonate, and 

sodium sulphate added in various concentrations *. 306 

ig. Diagram showng the number of wheat plants up and the dry matter 
produced in 21 days in loam mai^itained at different moisture con- 
tents and containing sodium chlorid, sodium carbonate, and sodium 

sulphate in various concentrations 307 

30 . Diagram showing the number of wheat plants up and the dry matter 
produced in 21 days in loam and clay maintained at different mois- 
ture contents and containing sodium chlorid, sodium carbonate, 

sodium sulphate added in various concentrations 308 

21. Di^am showing the number of wheat plants up and the dry matter 
produced in 2 1 days in clay maintained at different moisture contents 
and containing sodium chlorid, sodium carbonate, and sodium sul- 
* phate added in various concentrations 310 

32. Diagram showing the number of wheat plants up and the dry matter 

produced in 21 days in sand and clay maintained at different mois- 
ture contents and containing sodium chlorid, sodium carbonate, and 
sodium sulphate in various concentrations 311 

33. Diagram showing the number of wheat plants up and the dry matter 

produced in 21 days in sand and clay maintained at different mois- 
ture contents and containing sodium chlorid, sodium carbonate, and 
sodium sulphate in various concentrations 31a 

34. Diagram showing the number of wheat plants up and the dry matter 

produced in 21 days in sand and peat maintained at different con- 
centrations and containing sodium chlorid, sodium carbonate, and 
sodium sulphate added in various concentrations 313 

25. Diagram shoning the number of wheat plants up and the dry matter 

produced in 21 days in loam and peat maintained at different mois- 
ture contents and containing sodium chlorid, sodium carbonate, and 
sodium sulphate added in v-arious concentrations ' 316 

26. Diagram showing the number of wheat plants up and the dry matter 

produced in 21 days in loam and manure maintained at different 
moisture contents and containing sodium chlorid, sodium carbonate, 
and sodium sulphate in various concentrations 317 

27. Graphs showing the percentage of normal yield of dr)’ matter of wheat 

produced in 2 1 da)'s with various concentrations of added sodium 
chlorid, sodium carbonate, and sodium sulphate 31S 
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Fig, I, Diachasma iryoni: Egg just laid; length 0.4S mir, 420 

2. Diachasma iryoni: Egg mature; length 0.65 inm 420 

3. Diachasma iryoni: Cast skin of flrst-instar lan'a, showing head charac- 

ters of first instar and serosal cellular mass still clinging to ventral 
surface 422 

4. Diachasma iryoni: Lava of nrst instar, lateral aspect, sho^Ying right 

main tracheal trunk witli branches, and characteristic position and 
volume of egg serosal cells clinging to ventral surface P3 

5. Diachasma iryoni: Larva of first instar about to molt, lateral aspect 

showing food canal filled with fat globules and illustrating the begin- 
ning of the formation of the meconium 424 
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. 6. Diachasma iryoni: Larva in second instar, dorsal aspect, showing 

general shape of body and food canal 424 

7. Diachasma iryoni: Mandible of seconddnstar larva, showing mandible 

of third instar pushing from within 425 

8. Diachasma iryoni: Larva of the third instar, dorsal aspect 425 

9. Diachasma iryoni: Mandible of third-instar larva, showing mandible 

of fourtli instar pushing from within 425 

10. Diachasma iryoni: Third-instar larva, lateral aspect, showing digestive 

canal 426 

11. Diachasma iryoni: Larva of fourth instar, lateral aspect, showing 

complete right tracheal trunk wdth branches and stigmata 427 

12. Diachasma iryoni: Matme larva, lateral aspect 428 

13. Diachasma iryoni: Greatly enlarged view of spines covering surface of 

body of mature larva 428 

14. DiacJiasma iryoni: Head of mature larva, dorso-cephalic view 429 

15. Diachasma iryoni: Mandible of mature larva 429 

16. Diachasma iryoni: Alimentary canal removed from a mature pupa, 

showing the position and shape of the meconium 431 

17. Diachasma iryoni: Fruit fly puparium show'ing emergence hole made 

by adult parasite 433 

18. Diachasma iryoni: Parts of ovipositor: A, E, lateral sheaths; B, poison 

blade; C and D, piercing blades, showing characters of ends of each 
blade 436 

19. Diachasma iryoni: Reproductive system of newly emerged female: 

A, alkaline gland; B, poison reservoir wdth poison glands leading 
to it; C, spermatheca; D, ovaries, showing position and risual 
number of eggs and developing egg cells in newly emerged female ... 437 

20. Opius humilis: Egg freshly laid 440 

21. Opius humilis: Mature egg 440 

22. Opius humilis: Larva of first instar, lateral aspect, showing position 

and quantity of egg serosal cells clinging to ventral surface 441 

23. Opius humilis: Larva of first instar, dorsal aspect, showing head 

characters, complete tracheal system, and digestive canal 441 

24. Opius hilmilis: Molted skin of first-instar larva, showing head char- 

acters 442 

25. Opius humilis: Mandible of mature larva 443 

26. Diachasma fulla-wayi: Freshly deposited egg 445 

27. Diachasma fulla'icayi: Mature egg 445 

28. Diachasma fuUawayi: Cast skin of hrsl-instar larva, showing head 

characters and egg serosal cells still clinging to ventral surface 446 

29. Diachasma Jullaivayi: Mandible of mature larva 4,17 

30. TcirasUchus gijfardianus: Egg newly deposited 449 

31. Tdrastichus giffardianus: Newly hatched larva 449 

32. Teirastickus giffardianus: Pupse in normal position and number in 

fruit-fly puparium opened to show contents 450 

33. Tetrasiichus giffardianus: Fruit-fly puparium showing characteristic 

emergence hole made by adult parasite 451 

34. Diachasma iryoni: Dead encysted egg removed from melon- fly pupa. . . 455 

35. Teirasiichus giffardianus: Dead encysted cluster of eggs removed from 

melon-fly pupa 456 

36. Galesus silvesirii: Egg, i day old 458 

37. Galesus silvesirii: Newly hatched larva 458 

38. Caksus sihesirii: Larva of second instar 459 

39. Caksus silvesirii: Mandible of mature larva 459 
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Fig. 40. Caksus sihesirii: Fniit-fly puparium showing characteristic emergence 

hole made by adult parasite 460 

41. Pachycrepoideus dubius: Fniit-fiy puparium showing characteristic 

emergence hole made by adult parasite 463 

Observations and Experiments on Intestinal Trichinae 

Fjg. I. Skeleton outlines of two dwarfed trichinae after the first molt outside 
of the host and of two unmolted larvae from the same host about 18 
hours after artificial infection 476 

3. Trickina spiralis: Outline drawing of a dwarf larva after the first molt 

outside of the host 477 

Bacteriological Studies on Alfalfa Silage 

Fig. I. Graphs sho\ring protein-spiurng effect of carbohydrate in alfalfa-silage 

fermentation, first series 588 

, 2. Graphs showing protein-sparing effect of carbohydrate in alfalfa-silage 

fermentation, second series 589 

3. Graphs showing protein-sparing effect of carbohydrate in alfalfa-silage 

fermentation, third series 589 

Brown Canker of Roses, Caused bv Diaporthe umbrina 

Fig. I. Diaporthe umbrina: a, Vertical section of a pycnidium in nature, X 80; 

simple and branched sporophores; c, pycnospores, X 360 597 

2. Diaporthe umbrina’. a, Vertical section of perithecia in nature, X 8c; 

b, an ascus; c, ascospores; d, germinating ascospores, X 420 597 

3. Diaporthe umbrina’. 'Tangential section showing relative arrangement 

of pycnidium and perithecia in nature, a pycnidium surrounded by 
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of pycnidium 597 
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Fig. I. General view of device and pipettes 616 
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STUDIES IN inheritance OE CERTAIN* CHARACTERS 
OF CROSSES BETWEEN DAIRY AND BEEF BREEDS 
OF CATTEE ' 

By John W. Gowen 

Awwfew/ Biologist, Biological Laboratory, Maine Agricultural Experiment Station 
INTRODUCTION 

An outstanding need of present-day genetics is the analysis of the 
hereditary variations in the economically important domestic animals. 
I^ is the purpose of this paper to present a preliminary analysis of the 
data from the first-generation crosses of the prominent dairy breeds of 
cattle on the beef breed Aberdeen- Angus {22^ 42)? 

This work has been undertaken as a link in the chain of evidence 
necessary to the final solution of the problems which are connected 
with the inheritance of milk and butter-fat production. Consider- 
able work has already been done in this laborator^in the analysis of 
the variation in these characters without immediate regard to the inherit- 
ance of such variation {2^-^^). These studies,* it is believed, lay the 
foundation for the accurate analysis of* such characters, for without a 
comprehensive understanding of the normal fluctuation of such quan- 
titative character as milk production, it is practically impossible to 
determine such inheritance. 

Further, the only method now known by wdiich an adequate analysis 
of these laws of hereditary can be made is by hybridization experiments 
so carefully planned that the segregating factors may be analyzed sepa- 
rately, To that end a crossbred herd is being formed to accumulate as 
much material as possible for the analysis of such hereditary variation. 
This crossbred herd has now gone into its second generation. It seems 
wise, therefore, to make a preliminary analysis of the data of the first- 
generation herd. 

This paper will have as its object the analysis of the inheritance of the 
more prominent characters of the first generation of this crossbred herd. 

The plan of the work and its early prosecution was carried on by 
Dr. Raymond Pearl. Through the exigencies of the war the analyses 
of the data so far collected and the further prosecution of the work has 
fallen to the author. The results of this analysis are presented in the 

‘ Reforent'^ is made by number (italir) to “Literature cited,” p. 54-57. 
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following pages. The conclusions drawn from them are the author’s, 
and he is alone responsible for them, 

FOUNDATION HERD 

The stock available for the crosses consisted of the following breeds 
in the relative proportions shown in Table I; Holstein-Friesian, Guern- 
sey, Jersey, Ayrshire, and Aberdeen- Angus. • 


TablU I. — Breeds amilable as foundation stock for the crossbred herd 


Breed. | 

Male. 

1 

, Pcmale. 

i 

Holstein-Friesian 1 











Maine State Jerseys 


6 

Maine State grades 


I 

Ayrshire 

I 

8 

Angus ! 

2 ! 

S 



Total, all breeds 

Q 

86 




It will be not ed^ hat there were a number of grades carrying m,uch 
Holstein-Friesian blood. These were not used, since to carry convincing 
proof the ultimate results must be based on experiments with stock 
bred for some generations for the characters which were to be studied: 
milk, butter fat, and beef; otherwise the results might be explained by 
the heterogenous mixture of factors contained in the grades. The 
stock, together with the breeds which were finally used in the foundation 
crosses, is shown in Table II. They are all animals of good breeding and 
come from lines productive in milk, butter fat, or beef production, as the 
case may be. 

It seems Well at this point to consider the qualities of this foundation 
herd in respect to its inbreeding and possibilities of increased vigor due 
to heterosis of the crossbred progeny. Studies of the known inbreeding 
of this foundation herd have been made. The choice of a definite numeri- 
cal measure of this inbreeding is necessary to any adequate study. 
Several such figures have been given to the students of inbreeding through 
studies of this laboratory {sysS), It is thought wise to use only one of 
these measures — namely, the coefficient of inbreeding — as this measures 
the total amount of inbreeding which has taken place in the pedigree of 
a given animal. Table III gives this amount of inbreeding in the suc- 
cessive generations, up to the fourth, known to have taken place in the 
pedigree of the animals used in this foundation herd. It will be noted 
that these inbreeding coefficients are, in general, low, compared with 
those of the animals already studied in this laboratory. This indicates 
that inbreeding would have little effect in increasing the vigor or pro- 
duction by the animals of the crossbred herd. 
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Crosses between Dairy and Beef Breeds of Cattle 3 • 


Table II.- 

-Parents of the crossbred herd 


Breed and animal. 

Times 

bred. 

Breed apd animal. 

Times 

bred. 

Jersey: 

Lakeland’s Poet (102603) 

6 

Guernsey; 

Lady Primrose 's Qovemor 


Columbia’s Fox (126386) 

Flora’s Golden Poetess 

I 

of the Fountain (18328)... . . 
Canada’s Cresua (44386) 

r 

2 

(264927) 

2 

College Creusa (25661) 

3 

Rosalie (MSJHB4887) 

3 

Creusa of Orono 3d (34228) . . . 

2 

Ruth 8th (MSJHB 4457) 

(«) 

College Gem (40037) 

I 

Flying Fox's Flora (274051). . 

2 

College Creusa 2na (34227) . . 

2 

College Ruth (MSJHB 4895) . 

I 

Creusa ’s Ivady (53234) 

I 

Rue Victoria (273096) 

Columbia Brown Bessie 

2 

College Gem 2nd (53235) 

Ayrshire; 

I 

(148551)....... 

j 

Dot Alaska (20353) 

3 

Lassie of M. F. (297736) 

Holstein- F riesi an : 

Delva’s University De Kol 

I 

Maple Grove Netta (29307). . . 

Orono Netta ( 38832) 

Aberdeen-Angus: 

2 

' I 

(146774) 

• Johanna Lad Manor De Kol 

I 

Kayan (167617) 

Eventirae 4th (155526) 

21 

3 

Taurus ^eamelle Hengerveld 

I 

Hearthbloom (147141) 

Orono Madge (192781) 

3 

2 

(98482).....' 

Pauline Posch (81048) : 

Del va Johanna De Kol (33910) . 

16 

4 

Orono Ellen (192783) 

2 


(a) Twins once. 


Tabi<^ III . — Amount of known inbreeding in the foundation herd 



Known repeated ancestors’ 

! generations. 

Total 
known re- 
peat Hi an- 

CoefHcient 


1 

^ 1 

* 

1 

3 

4 

four gen- 
erations. 

ing. 

Canada’s Creusa (44386) 



[ 


4 

25. 000 

College Creusa (25661) 


i 

2 


4 

25. 000 

College Creusa 2Tid (34227) 

College Gem (40037) 

Columbia’s Brown Bessie (148551) , , . 

j 



2 j 

1 

I 1 

2 

0 

1 

12. 500 

. 000 
6.250 

Columbia’s Fox (126386) 





o' 

. 000 

Creusa ’s Lady (53234) 





0 ■ 

. 000 

Creusa of Orono 3rd (34228) 

Delva Johanna De Kol (146774) ! 




:! 

2 ! 

I 1 

12. 500 
6. 2 50 

Delva’s University De Kol (133910). . 
Even time 4th (155526) 




I j 

4 

I 

25. 000 
6.250 

Kayan (167617) 




I i 

I 

6.250 

Hearthbloom (147141) 

Flora’s Golden Poetess (264927) 



1 

■ .i 

0 

3 

. 000 
18. 750 

Flying Fox’s Flora (274051) 

Ivady Primrose’s (^vemor of the 
Fountain (18328) 




j 

0 

. 000 


1 


1 ; 

I 

6.,250 

Lakeland’s Poet (102603) 




3 1 

3 

18. 750 

Lassie of M. F. (297736) 

Pauline Posch {81048) 



I 


2 

0 

12. 500 
. 000 

Johanna Lad Manor De Kol (4 19 13) 



I 


2 

12. 500 

Rosalie (MSJHB 4887) 





0 

. 000 

Rue Victoria (273096) 




2 

! 2 

12. 500 

Ruth 8th (MSJHB 4457) 





0 

. 000 

Taurus Creamelle Hengerveld (98482). 



I 

I 

3 

18. 750 

Maple Grove Netta {29307) 





1 0 

. 000 

Average inbreeding 



i 



8. 654 


o All attimals that can cot»be traced furly^ completely for the four eenerations are excluded from this 
table. 
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GENERAI, PLAN OF THE MATINGS 

The experiments for the study of the inherited characters of the dif- 
ferent breeds were intended to include those breeds where careful selec- 
tion of these characters had been made. Before passing to a study of 
these characters in the T, hybrids it seems necessary to have clearly in 
mind the characters of the breeds used as parents so that a definite con- 
ception of the breed and type differences may be had. Toward this end 
Table IV has been drawn up in the simplest form possible. 


TabIvR tv . — Contrasting characters of the parental breeds of the crossbred herd 


Character. 

Jersey. 

Guernsey. 

Ayrshire. 

Holstein- j 

Friesian. 

Aberdeen- 

Angus. 

Bod)^ color . . . 

Fawn or dun 

Light fawn 

Red 

Black 

Black. 

White mark- 

Often absent 

or dun. 
Present 

Present 

Present 

Often ab- 

ings. 

Switch color . . 

Black or 

Light fawn 

Red or white 

Black *or 

sent. 

Black. 

Muzzle pig- 
ment. 

white. 
Black 

or white. 
White 

Black 

white. 

. . .do ' 

Do. 





Tongue pig- 

. . .do ' 

. . .do 

. . .do 

. . .do ! 

Do. 

ment. 






Homs 

Homs 

Homs 

Homs 

Homs 

Polled. 

Conformation . 
Milk quantity. 
Milk quality. . 


Dairy 

Dairy 

Dairy 

Beef. 

Medium 

Hio'h 

Medium 

High ... . 

Medium 

... do 

Large 

Low 

Low, 

High. 






By comparing the various characters which the different breeds ex- 
hibit, as seen in Table IV, the following character differences are brought 
out. The coat variations offer a range of color from black to almost 
white. This w-hite is divided into more or less definitely centralized 
white areas, each one of which presumably braves distinctly. The 
tongue colors of the Jersey and (iuemsey are such that colors from white 
to black are available. The typical conformation of each breed is dis- 
tinct, offering many points of difference, Further differences which seem 
rather too obvious to describe are horns, secretions, skin texture, general 
body build, mammary development, temperament, and the physical and 
chemical character of the milk. In all it is believed that the choice of 
the foundation stock has been almost ideal, for in each breed chosen 
there has been years of selection for some of the above-mentioned char- 
acters whose inheritance is to be studied. 

In this connection it may be objected that the inheritance of these 
characters are^iot economically important. This is in a sense true; yet 
the intimate association which exists between the hereditary units 
necessitates the studying such things as coat color and tongue color for 
the full analyses of the economically important problems. It is the pur- 
pose of this preliminary paper on the first generation hybrids to lay the 
foundation for acquiring exact knowledge of such things as milk and 
beef production. 
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CROSSBRED HERD 
TIME OP BEGINNING MATINGS 

The crosses herein described are the result of matings since the spring 
of 1913. For the number of animals there were to wo^k with this is 
satisfactory progress, and it is expected that with reasonable success the 
first-generation crosses will soon be complete. 

PLAN OE MATINGS 

The plan calls for reciprocal matings of all of the important dairy and 
beef characters. At first there were some crosses made which were later 
found to be hampered by the fact that it was impossible to keep the bulls 
necessary for the Fg generation. Consequently only the heifers were 
saved for future breeding purposes. The breeds chosen for the foundation 
of the Fj Mendelian herd were Jersey, Hoi stein- Friesian, and Aberdeen- 
Angus. The ultimate choice of these rests on the fact that these breeds 
have all the outstanding characters which were desired for analyses, 
such as low and high milk production, low and high percentage of fat, 
poor and good beef qualities. Besides these, the minor characters of 
color, secretions, and conformation offer considerable range of variability 
for analyses in conjunction with the analyses of the economic characters. 
In handling the Mendelian herd and its parential generation, it is the 
plan to have them under as nearly the same conditions as the rest of the 
herd animals as it is possible. They are raised side by side with the 
other herd animals and treated in exactly the same way, by the same 
herdsman. In the breeding of the animals a rack is used wherever there 
is a marked difference in size ©r where it is desirable to facilitate the 
matings. After the mating has taken place, the herdsman fills out one 
of the service record blanks shown in figure i. 

If the first service fails, another service is given at the next period of 
heat. Bach of these service blanks are filled out and carefully fil^d. When 
a birth takes place, the herdsman files another blank recording such birth. 
The corresponding service and birth blanks are then filed together. Bach 
animal is tagged at birth with a number corresponding with that on its 
birth blank. These tags are the common metal tags put through the carti- 
lage of the ear. Besides this, when the animals are old enough, they are 
branded on the shoulder with their distinguishing number. Any chance 
in mistake of pedigree of these animals is thus reduced to a minimum. 

All of the animals are kept until they are 200 days old, when they are 
measured for the study of conformation in relation to milk production. 
Besides this description the animals arc carefully examined and a descrip- 
tion of the color and other outstanding features made. Photographs of 
all of the animals are taken before they are sold and kept in the perma- 
nent files of the Biological Laboratory for reference. 

DESCRIPTION OF MATINGS 

Before passing to the analyses of the individual F^ hybrids it is well to 
have clearly what each individual mating was and what differences 
between them could be expected. To this end Table V has been drawn 
up to show the matings which produced each crossbred. 
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Pic. I.— Skrvics and Birth Records used at Maine Experiment Station. 

Service record blanks are bled numerically with the herdsman. When a service is made, the service 
record blank is filled out immediately and filed by the author. The resulting birth is described on the 
birth record. The corresponding service and birth reewds are connected in the office. 


MAINE AGRICULTURAL EXPERIMENT STATION, ORONO, MAINE 
This Information Wibb Be HEbD STRicxbv Confidential 
This blank should be filled out immediately after the service is completed, and 
mailed in an addressed envelope furnished you, to the Agricultqral Experiment 
vStation, Orono, Maine. 

SERVICE record 


Date. 

Hour of service This record made by 

BULL used. 

(Name.) 

Is the bull registered? 
Otvner of bull — Name. 

Age of bul^ 

Breed. 

If so, give reg. No. 

Address. 

No. of coverings at this service. 

COW served. 

(Name.) 

Is this cow registered? 
Owner of cow — Name, 

Age of cow. 

Breed. 

If so, give reg. No. 

Address. 

When did she calve last? 

(Give month, day and year.) 

How many times has she been in heat since 
calving including this heat? 

GIVE THE HOUR (and DAY) WHEN IT WAS FIRST NOTICED THAT THE COW WAS IN HEAT 
BEFORE SHE WAS PUT TO THE DULL THIS TIME 

How many hours had the 

cow been in heat before she was served ? 

(Do not write in this spare.) 

Series, 

Number. 


MAINE AGRICULTURAL EXPERIMENT STATION, ORONO, MAINE 


This Information Will Be Held Strictly Confidential. 

One of these blanks should be filled out immediately after each calf is bom, even 
IF IT IS A PREMATURE BIRTH ( ABORTION). Mail to the Agricultural Experiment Sta- 
tion, Orono, Maine. 

breeder's birth record 

Date of birth., Hour of birth, • Record made by. 

Was the calf male or female? 

(Hake especial note of twin births.) 

Weight of calf at birth. 

Sire of calf, Reg. No. 

(Give name and breed.) 

Dam of calf. Reg, No. 

(Give name and breed.) 

How long was the dam dry before calving? 

At what hour (and day) did labor begin? 

Has the dam ever aborted? (If so give particulars) 

Note any peculiarity about the birth or the calf which interests you and might 
interest others, especially abortions and ifionstrosities. 

(Do not write in this space. ) 

Sex entered 

Duration of gestation days hrs. (20 x )-i- 


Series. 


Number. 
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Table V. — Number, sex, and parentage of animats of the crossbred herd 


Calf 

No. 

3cx 

Dropped. 

Name of sire and reg- 
istry No. 

Breed of sire. 

Name of dam and 
registry No. 

Breed of dam. 


M, 

1914. 
Mar. 93 

Lakeland’s Poet 
(102603). 

Jersey 

Delva Johanna De 
Kol (146774)- 

H olstein- Friesi an. 

I. . 

E. 

Apr. 5 

do 

P u a H n e Posch 
{81048). 

Do. 


F. 


Delva's University 

Holstein-Priesian, . 

Canada's Creusa 

Guernsey. 


M. 


Ue Kol (i.?39«o). 
Johanna Lad Manor 


(44386). 

Flora's Golden 

Jersey. 


1915- 

Jan. 20 

De Kol (41913). 


Poetess (264927)- 



M. 

Taurus Crearaelle 

do 

KosaUe (4887) 

Do. 

S-- 

6.. 

M. 


Hcngervcld (98482). 
Kayan {167617) 

Aherdeen-Angus , , 

Dot Alaska (29353) ■ - 

Ayrshire. 

M. 

Feb. 8 

Taurus CreameUe 

Holstein-Priesian . 

Maple Grove Netta 

Do. 



(29307.) 

Jersey (MSJHB). 


M. 


Kayan (167617) 

Aberdeen- Angus. . 

Ruth 8tli (4437) 

8.. 

M. 

Mar, 23 


do 

College Creusa 

Guernsey. 






M, 

Mar. 26 

do 


Pauline Posch 

Hoi stein- Fr iesi an. 



do 

(81048). 

Creusa of Orono 3d 

Guernsey. . 

M. 

Apr. 7 




{34228). 

Holstein-Priesian. 

IZ. * 

F. 

Apr. 91 

Lakeland's Poet 

Jersey 

Delva Johanna De 


Kol (146774). 



F. 

Apr. 29 

Taurus Creomelle 
Hengerveld {98482). 
Columbia’s Fox 

Holstein-Priesian , 

CoUege Gem (40037) 

E V e n t i m e 4th 

Guernsey. 

Aberdeen-Angus. 

13-- 

M. 

May 4 

Jersey 



(155526). 


1+.. 

M. 

June 6 

1 Taurus CreameUe 

Holstrin-Friesian , 

Flying Fox’s Flora 

Jersey, 

HeDgerveld(98483). 
Lakeland’s Poet 


1 (274051)- , 

Aberdeen-Angus. 

15 ■ 

’F. 

Oct. 33 j 

Jersey 

1 Hearthbloom 




(147141). 

Jersey (MSJHB). 

i6 

; F, 

Oct, 27 

Kayan (167627) 

Aberdeen- Angus . , 

College Ruth (4893) 

17- 

M. 

Nov. 8 

do. 


Rue Victoria (373096) 

Jersey. 

i8 

M. 

Jao^ I 


do 

Ruth 8th (4457) 

Jersey (MSJHB). 


F. 

Jan. I 

do I 

do 

1 do 

Do. 

3«. . 

M. 

Jan. lo 

Taurus CreameUe 

HoUtein-Friesiau . 

Maple Grove Netta 

Ayrshire. 

Hengerveld (98483). 


(39307). 


It. 

M. 

Jan. 14 

Kayan {167617) 

Aberdeen- Angus. , 

Dot Alaska (29353). 

Do. 

23. 

F. 

Feb. 22 


do 

College Creusa 

Guernsey. 





{25661). 


»3 

M. 

Mar. 9 

Taurus CreameUe 

Holstein- Friesian , 

Columbia Brown 

Jersey. 



Hengerveld (984S2). 


Bessie (148551). 


J4 

M. 

Mar. 20 

Kayan (167617) 

Aberdeen-Angns . . 

College Creusa 2d 

Guernsey. 




(34227). 


21; 

F. 

Apr. 10 

Fi Crossbred (0) 

Jersey X Holstein.; 

Fi Crossbred (i) 

J erseyX Holstein. 

36 

F. 

May 5 

Kayan {167617) 

Aberdeen-Angns. , j 

Creusa of Orono 3d 

Guernsey. 






(34228). 


»7 

F. 

May 2S 

Lakeland’s Poet 

Jersey 

Orono Madge 

Aberdeen-Angus, 



(102603). 


(192781). 


98 

M. 

June 17 

Kayan (167617), 

Aberdeen- Angus . , 

Pauline Posch 

Holstein-Priesian. 


(8104S). 


99 

F. 

July 19 

do 

do 

Creusa’s Lady (53234) 

Guernsey. 

30 

M. 

Ang. 29 

Taurus CreameUe 

Holstein- Friesian . 

Orono Ellen 

Aber deen- An giis, 


Hengerveld (98482). 
Lakeland’s Poet 


(192783). 


31 

M. 

Sept, ij 

Jersey 

E V e n t i m c 4th 

Do. 



{102603). 


(i5.'!526). 


33 

M. 

Sept. 25 

Kayan (167617) 

Aberdeen-Angus . . 

Canada’s CreiLsa 

Guernsey. 





(44386). 


33 

P. 

Oct. 9 

Lady Primrose’s 

Guernsey 

Hearthbloom 

A berdecn- Angus, 



Governor of the 
Fountain (18328). 


(147141). 



34 

F. 

Oct. 17 

Pi Crossbred (0) 

Jersey XHolstein . . 

Rosalie (4887) 

Jersey (MSJHB). 

35 

M. 

Nov. 10 

Taurus CreameUe 

Holstein-Priesian . 

Flying Fox's Flora 

Jersey. 



Heigerveld (98481). 


(274051). 


36 

M. 

Dec. IS 

Kayan (167617) 

Aberdeen-Angus. , 

Orono Netta 

Ayrshire. 


1917. 


(38832). 


37 

F. 

Jan. s 

do 

do 

Dot Alaska (29353), • 

Do. 

3« 

M. 

Jan, 13 

Fi Crossbred (10) 

Angus XGuemscy , 

College Creusa 

Guernsey. 





(25661). 


39 

M. 

Jan. 33 

Kayan (167617) 

Aberdeen-Angus . . 

Rue Victoria 

Jersey. 



Feb. 9 



(273096). 



M, 

do 

.... .do 

CoUege Creusa 2nd 

Guernsey. 






(34227). 


42 

F. 

Feb. 9 

do. 

do 

CoUege Gem 2nd 
(53235). ^ 
Flora’s Golden 

Do. 

4a 

P. 

Mar. 3$ 

Crossbred 0 

Jersey - Holstein 

Jersey. 





Friesian. 

Poetess (264927). 

43 

M. 

Apr. 3© 


Crossbred 1 

J e r s e y-Holstein- 


1 





Friesian. 
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TablS V. — Number, sex, and parentage of animals of the crossbr^ herd — Continued. 


Call 

No, 

Sex 

Dropped. 

Namd of sire and reg- 
istry No. 

Breed of sire. 

Name of dam and 
registry No. 

Breed oi dam. 


F. 

1917. 
May 4 

Taurus Creamelle 

Holstein-Filesiau . 

Orono Madge 

Aberdeen- Angus. 



Hengerveld (98482), 


(19*781). 

Holstein-Friesian. 


F. 

May J3 


Aberdeen- Angus . . 

Pauline Posen 



{81048). 


46.. 

F. 

June 6 

Taurus CVeameUe 

Holstein-Friesian . 

Lassie of M. F. 

Jersey. 


Heagervcld {98482). 


{297736). 

Aberdeen* Angus. 


F. 

Aug. 6 




47 - • 



(U 7 i 4 r)- 

J e r s e y- Holstein- 

4S.. 

M. 

Aug. 10 

o . . . 

Jersey - Holstein- 
Friesian. 

Crossbred ii 



Friesian. 

4 !).. 

F. ' 

Aug. 15 

'X & u r u s Cr^mfll 6 

Holstein-Friesian . 

Crossbred 2 

Holstein - Friesian- 

Hengerveld (98482). 

Eventime 4tb 

Guernsey. 

50.. 

M. 

Aug. 22 

do ... ... 

do 

Aberdeen- Angus. 



(1555*6). 


M. 

Aug. 27 

do 

do 

Crossbred 12 

Holstein-Friesian- 





Guemsey. 

52, . 

F. 

Oct. II 

do 

do 

Orono Ellen 

Aberdeen-Angus, 



(192783). ^ 

53.. 

M, 

o<4. 21 

do 

do 

Rosalie (4887) 

Jersey (MSJHB). 





An examination of Table V shows that at the beginning of the experi- 
ment there was a large preponderencc of males. This is shown graph- 
ically in figure 2. 



Fig, 3. —Diagram showing graphically the number and sex sequence of the births composing the crossbred 
herd, I'hcclearrcctanglesarefemale. Tliecross-hatched rcctan glesarethexnale. 

This preponderance of males is shown by figure 2 to be due to a large 
excess of males in the first matings. In view of the fact that there is 
probably no relation between the time of service and the sex of the 
animals produced, this excess is to be explained on the basis of chance. 
Unfortunately, this first excess of males in the birth has not been com- 
pletely neutralized, but still leaves a good number of males over the 
expected half. In the first 54 births there were 31 males to 23 females. 
Since the segregation of the sex-determining elements probably takes 
place in the male, it is interesting to see what is the relation between 
the individual bulls in regard to the sex of the offspring produced. The 
numbers as yet are rather too small to draw any definite conclusion, 
but arc still large enough to be of interest. Table VI gives such a 
comparison of breeds. 
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Table VI.— Relation of the sex produced to breed of bull 


Breed and name. 

Mule. 

Eenule. 

Jersey: 

• 2 

I 

4 



3 

4 

Holstein: _ _ , 


I 


I 

lO 


6 


II 

7 

Aberdeen-Angus : 

^5 

8 

Total. 


8 

Guernsey: 

IPrimro^^c Oov^morof th^ 


I 

'Total 



I 

Crossbred: 




2 

3 



2 

3 

Grand, total 

31 

23 



Table VI shows that the large number of males is principally due to 
two animals — Taurus Creamclle Hengerveld and Kayan. This increased 
number over half does not belong to any breed difference, but is probably 
simply a function of chance sorting. 

DESCRIPTION OF THE PARENTAL HERD 

The description of the parents and their crossbred offspring will be 
arranged in the following form in order to facilitate comparison. The 
description of the individual parents will be made first. 

The description of the animals will be given in the following form: 
Eirst, the sex, then the color and markings of the various parts of the 
body — muzzle, tongue, switch, horns, hoofs, and secretions — and then 
the general type that the offspring exhibits in regard to its breed char- 
acteristics. The further points considered will be in the following 
succession: Type as judged by dairy or beef production, number and 
placement of teats or rudimentaries, description of milk veins and 
wells, and lastly the capacity and quality of the udder. 

The individual descriptions of the crossbred animals follow that of 
their parents. The mating is given first, then the number of the result- 
ing offspring. The rest of the description of these crossbreds follows 
the same form as that of their parents. 
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descriptions op animals in parental herd 
ABBRDReN- A ngus Hkrd 

Male: kayan (167617). — Solid black except for a small araovmt of white around 
rudimentaries. Muzzle black; tongue slate ; switch black, with a few gray hairs scat- 
tered through it. No horns nor traces of them. Hoofs black, and secretions dark 
bro’ivn. The head is a good typical Aberdeen- Angus head. Well-rounded low-set 
bull, kept in rather low flesh for breeding purposes. Four rudimentaries; milk veins 
fairly large and long. 

Female: eventime 4TH (155526).— Solid black; muzzle black; tongue slate; switch 
black, with a few gray hairs in it. No trace of homs present. Hoofs black; secretions 
dark brown. The face is typically Angus. The shoulders, barrel, rump, fore and 
hind quarters are not deeply fleshed and lack the filling typical of Angus. In short, 
the co^v has some traces of the dairy type; at the same time she has the deep, blocky 
body characteristic of the beef breed. Four fair teats and two rudimentaries. Fair- 
sized milk veins and wells. Udder large for such a low-milking breed (PI. i, A). 

Female: hearthbloom (147 141).— Solid black except for a few white hairs be^ 
tween the fore teats. Muzzle black; tongue black. Switch black, with a few gray 
hairsinitf No trace of horns or scurs. Hoofsbiack; secretions dark brown. Typical 
Aberdeen- Angus in shoulders, head, barrel, and fore and hind quarters of an animal 
in breeding condition. Four well-placed teats, udder of small capacity. Milk veins 
and wells small. A typical beef cow having none of the dairy points developed to any 
extent (PI. i, B). 

Female: orono Madge (192781). — Black except for a small white area on the 
teats. Muzzle and tongue black; switch black, with a few gray haii^ in it. Homs 
entirely absent. Hoofsbiack; secretions dark brown. Face rather lacking somewhat 
in the Aberdeen-Angus type. It is rather too thin. Body lacks filling in chine and 
over the withers. Four teats and one mdimentary. Milk veins and wells are small. 
Udder of low capacity. 

Female: orono EllEn (192783). — Solid black except for a few white hairs on 
hind quarters of udder. Muzzle black; tongue black; switch black. No trace of 
homs; hoofs black. Secretions dark brown. A typical Aberdeen-Angus cow in low 
flesh. Four teats and one mdimentary on right side between the fore and hind teats. 
Udder of low capacity and meaty in texture. 

Ayrshire Herd 

Female: dot Alaska (29353). — Red, white, and black; black confined to outside 
of nostrils. Majority of the body is dark red. Spotting irregular in area, occurring on 
the Moulders , brisket , be 1 ly , flank, rump , and base of tail . Practically all of the white 
areas are flecked with the red islands. Muzzle black; tongue white; switch red and 
black, mixed with some gray. Homs are not at all “typy” of the Ayrshire, as they 
are too thin and not thrown, upward sufficiently. Hoofs black; secretions orange. 
Face has too much dish and the body is too short and too low to the ground for the 
good type of Ayrshire animal. Udder rather small and only of fair shape. Milk veins 
and wells of medium length and size. The animal is much too small and light, even 
for the New England type, the type she most resembles. 

Female: orono netta (38832). — Red and white; large broad star. Shoulders and 
brisket and front part of fore and hind legs white. The barrel and mmp are white- 
spotted, each spot containing large irregular islands. Muzzle black; tongue black, 
White, heavy homs, pretty well up. Hoofs black; secretions small in amount and 
yellow. Dark-red nose, ydth a few gray hairs scattered through it. Rump not quite 
as level as would be expected of an animal typical of the breed. Hind quarters some- 
what heavy. Udder small , especially in the fore quarters. Milk veins and wells small. 
Four well-placed teats (PI. i, C). 
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FemalB; maplb grove nbtta (29307).— Color red and white. Much resembling 
the spotting of her daughter, OronoNetta. Muzzle black; horns heavy; black-Upped 
and thrown forward and up, as would be characteristic of the Ayrshire. Udder good- 
sized and well shaped. Well carried out in fore quarters. General type is that of the 
New England Ayrshire. 

Guernsey Herd 

Male: Eady primrose’s governor of the Fountain (18328). — Color a light 
yellow and white. White confined chiefly to the shoulders, legs, and belly. Muzzle 
is flesh-colored. Switch white. Homs coming out at right angles to head and curving 
slightly forward. Good Guernsey form both in head and in fore and hind quarters. 
Four well-developed rudimentaries (PI. 2, A). 

FemACe: college OEM (40037).— Color orange and white. White on belly, fore 
and hind legs chiefly. Tongue white; few white hairs on face; muzzle smutty; 
switch white. Homs large, tlirown forward, up and back, black tipped. Hoofs white; 
secretions orange. General appearance is heavy for a daiiy cow. Face a little short; 
body sliort; withers thick, well-developed; broad girth; rump fairly short; tail set 
high ; twist well-filled. Udder small and poorly shaped. Veins and wells fairly large. 

Pemale: college gem 2ND (53235). — Colof: Orange and white. White sta^on fore- 
head. Two white spots on left shoulder. Belly white; short white stocking on left 
foreleg, extending as long white area along front of leg to brisket. 

Hind legs are white below the knee. Muzzle white; tongue white; switcli white. 
Horns long and slender, thrown up and back. Hoofs white; secretions orange, large 
in amount. The animal exhibits a fair Guernsey type, although rather light in body 
weight and heavy in shoulders. Udder of fair shape; teats rather well placed; 
medium-sized milk veins and wells. 

Female: college creusa (25661).— Color orange and white, white star on fore- 
head. Muzzle has a grayish area around it. Broad band of white extending across 
the shoulder and connecting with the white belly. Forelegs, brisket, and udder 
white. Broad band of white across the mmp including the exterior end of the chime 
and mnning down on forelegs as far as the hoof. Muzzle white, with a few black spots 
on it. Tongue white; switch white. Homs heavy, thrown up and back. Hoofs 
’white; secretions orange. The general type is that of a fair Guernsey. Udder ia 
good size, although rather poor in shape. Milk veins and wells good size. 

Female: college creusa 2ND (34227). — Color orange and white. Barge white 
s^. Udder white, broad band extending over rump to fore sides of white hindlegs; 
hindlegs are clear white to knee. Muzzle white; tongue white; switch white.' 
Homs long, thin, thrown upward and curved fonvard and in. Hoofs white; secre- 
tions orange, large in ammmt. Nose narrow, strong, good dish and veins. General 
type is that of a fair Guernsey, Udder rather small, per^dant, and poorly shaped. 
Medium-sired veins and wells. 

Female: creusa 's lady (53234). — Color yellow and white. StaF, white spot on 
both shoulders, extending over withers. Belly white; forelegs white on the inside; 
short stockings. White spot on left side of barrel. Rump and tail set white. Irreg- 
ular white lines in front of hindlegs, extending domi into clear white area below the 
knee. Muzzle, tongue, and switch white. Homs throum forward and up. Hoofs 
white; secretions orange. Animal is rather light in weight and withers are a trifle 
heavy for a typical Guernsey animal. -Milk veins lead to rather good wells (PI. 2, B). 

Holstein- Friesian Herd 

Male: johanna lad manor de kol (4i9i3)--Color black and white. Star. 
Broad band of white just back of the shoulders, extending around the body. Fore- 
legs white, tail set white, hindlegs white, the white extending as Irregular area up- 
wards to the flank. Muzzle black, switch white. Homs large and thick, comiqg 
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out at tight angles from head. Good Holstein- Friesian type; if anything the head 
has too much of the aquiline and perhaps might be considered chunky. Neck and 
shoulders are heavy. Crest is large. Rump well rounded. Throughout, the bull 
gives the appearance of a strong, masculine development. 

Mai.e: Taurus CREAMKLi^k hengeveld (^>8482).— Color black and white. White 
on face, dioulders, and belly. Stockings on fore and hind feet. Muzzle black; 
tongue and switch White. Large straight horns come out at right angles from head. 
Hoofs white, with black streaks in front; secretions dark brown. Four well-placed 
rudimentarics. Veins long, leading to good-sized wells. In the white areas the 
skin may be seen to be spotted with black. All in all the bull is a good large type 
of Holstein-Friesian (PI. 2 , C). 

Female; Pauline posch (81048).— Color black and white. Broad white blaze. 
Throat white. Forelegs white. Broad band of white on both shoulders and over 
withers. Brisket and belly white. Irregular white area running from white hind- 
leg over the flank and across white rump to connect on the otlicr side with a white 
area coming from the other hindleg. Muzzle black and white. Tongue and switch 
white. Homs fairly heavy, curving forward and down. Hoofs black-and-white 
Streaked; secretions dark brown. Good Holstein-Friesian type. Udder somewhat 
too pendant and lacks filling in the fore quarters. Milk veins tortuous and of good 
size. Wells good size. 

Female; delva johanna de k.ol (146774).— Color black and white. White 
star. Brisket and dewlap white. White forelegs. Belly and udder white. Hind- 
legs white, the white areas extending irregularly onto the flank. Muzzle black. 
Tongue and switch white. Homs fairly heavy, turning forward. Hoofs white; 
have a black streak in front part; secretions dark brown, Udder has a tendency to 
be somewhat pendant. Veins large and tortuous. Fair-sized w’ells. The skin 
under the white areas can be seen to be black. 

Jersey Herd 

Male: lakel.<\.nd'5 poet (102603). — Color black, brown, and dark fawn. Head 
and shoulders dark bro^vn to black, gray at base of horns. Back a dark fawn, Legs 
dark fawn. Hair extremely heavy on face. Muzzle black; tongue black, with a 
small white spot on tip; smteh black. Strong horns turned forward and in. Hoofs 
black; secretions yellow. Rump a trifle long. Dewlap rather prominent. Four 
rudimentarics fairly well placed. Small milk veins and wells (PL 3, A). 

Male; Columbia’s fox (126386). — Color solid except for a small white spot on 
right stifle. Tongue black; switch black. 

Fem.\le; L.tssiE OF M. F. (297736). — Color gray-fawn. Black spot on fore- 
legs just above hoofs, Hindlegs light gray-fa^vn. Muzzle and tongue black. Switch 
black, with a few gray hairs in it. Homs turned forivard and in. Hoofs black; secre- 
tions yellow. Face a little long; nose a little narrow. Withers somewhat heavy and 
a little too prominent for a perfect Jersey type. Udder of excellent proportions and 
of good size. Teats well placed; milk veins on right side branclied, on the left side 
single (PL 3, B). 

Female; rosauE msjhb (4887). — Color a light cream and black. Black on 
front side of face, forelegs, and hind quarters. Muzzle black; tongue black; switch 
black. Homs black and white, rather light, thrown forw’ard and up; hoofs black; 
secretions yellow. The animal is not at all a good Jersey type because of the heavy 
withers, pronounced dewlap and barrel showing little tendency to the typical V- 
shape. Udder is ’rather small; teats small; milk vein on right side long, left side 
short and small. 

Female; ruth 8th msjhb (4457). — Color solid orange. Muzzle black; tongue 
bl^k; switch black. Homs fine, white tips. Hoofs black ; secretions yellow. Face is 
overrefined. Dewlap and brisket too much in evidence. Vertebra wide apart. 
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Barrel medium -sized. Long level rump; fine clean bones. Cow in. extremely poor 
condition. Udder rather good size, pendant; teats large and long; milk veins short 
and of fair size. 

Female: college ruth msjhb (4895). — Solid color, yellow fawn, varying in 
shades. Uark on face, neck, and back. Light on nose, belly, and legs. Muzzle 
black ; tongue white, background covered with small black spots; switch black. Horn 
slendor, turning fonvard and up, white base, black-tipped. Hoofs black; secretions 
yellow. Udder small, deeply cut between quarters. Small teats; good-sized veins, 
rather long and leading to good-sized wells. 

Female: rue victoria (273096). — Color solid, a general light cream. Muzzle 
black; tongue black; switch black. Homs heavy, turning forward and in. Hoofs 
black; secretions yellow. Face and neck are fair type. Shoulders heavy; brisket 
of good size. Barrel short; rump long and level. Udder rather small; teats well 
placed; milk veins good-sized and tortuous. 

Female: flying fox’s flora (274051).— Solid color. Muzzle black; tongue 
black; switch black, Homs black-tipped, turn forward and in. Secretions yellow. 
Udder good size with well-balanced quarters. Teats well placed. 

Female: Columbia’s brown bessiE (148551). — Solid color. Muzzle black; 
tongue black; switch black. Homs turn fonvard ^nd down. Udder pendent, hind 
quarters good; fore quarters rather poor. This may not be the natural condition, as 
the animal is quite old. 

Femai.E: flora’s golden poetess (264927). — Solid color, dark gray-favTi, Face 
and front part of forelegs dark. Muzzle black; tongue black; switch brown. Homs 
fair-sized, curving forward and in; white at base and black-tipped. Hoofs black; 
secretions yellow. Udder capacious, somewhat cut between quarters. Good-sized, 
tortuous veins, rather short. On the whole an excellent typical Jersey animal. 

INDIVIDUAL DESCRIPTIONS OP THR CROSSBRED HERD 

Crossbred o; Lakeland’s Poet (102603) X Delva Johanna De Kol (146774) — 
Jersey X Holstein-Friesian. 

Male; Black, small amount of white; white spot on left front; elbow joint; white on 
brisket; small area in inguinal region. Muzzle and switch black; tongue black, with 
white spot in the middle of it. General type is that of the Holstein-Friesian. Homs 
.heavy, coming straight out from head (Holstein-Friesian type). Four rudimentaries, 
one supernumerary placed on the scrotum. 

Crossbred i; Lakeland’s Poet (102603) X Pauline Posch (81048)— Jersey X 
Holstein-Friesian . 

Female; Black and white. No white cm face; white spots on left side of brisket, 
extending as white streaks under forelegs; white spots flecked witli black on left flank, 
inegular white areas on right side of udder. Muzzle black and white; switch black; 
interspersed with a few white hairs. Homs have white base, black.tips, of medium 
weight, curving forward and in. Hoofs black; secretions light brown. General type 
that of a Holstein-Friesian X Jersey intermediate. The face and horns give more the 
impression of the Holstein-Friesian, for there is no dish in the face, and the body lacks 
the wedge shape of the Jersey. The lack of fleshing and small size of barrel show the 
Jersey influence. Udder pendent, with four poorly placed teats. Milk veins and 
wells rather small. Rather a low milker with a fair percentage of butter fat. Has a 
quiet dairy temperament. 

Crossbred 3; Delva’s University De Kol (133910) X Canada’s Creusa (44386) — 
Holstein-Friesian X Guernsey. 

Female. Black and white. Practically all black areas have some red on the base 
of tlie hair. White strip on face ; white spot on shoulder connected on left side with a 
white belly, which extends as far forward as the end of the brisket. Forelegs white; 
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teats and udder white; white on hind legs, extending as an irregular area onto the 
flank. Tail about half white. Muzzle black, with white ^t in the middle of it. 
Tongue white; switch white; horns white at base, black tips, turn upward and in. 
Hoofs white; secretions slight and dark brown. In general, the body type is that of 
a Holstein- Friesian. Udderof good size, but poor in ^ape; lacks filling in fore quarters, 
tending to be 'somewhat pendent. Four teats, one supernumerary on left side near 
the fore teat. Milk veins and wells of good size. Milk production rather large in 
quantity, but low in percent^e of fat. 

Crossbred y. Johanna Lad Manor De Kol (41913) X Flora's Golden Poetess 
(264927) — Holstein-Friesian X Jersey. 

Male. Black and white; white not distinctly separated from the black areas and 
small in the total amount. White on brisket; white spot on belly; right flank has 
three white spots; small white spot at base of switch. Muzzle light slate. Tongue 
is white with two small patches of black on left side and tip. Switch mixed black 
and white, black predominating. Homs those of the Holstein-Friesian, short, and 
curving in and upward. The type is intermediate between the Holstein-Friesian 
and the Jersey. In general the animal is too light for a Holstein-Friesian of the same 
age. Shoulders are heavy, fairly deep. Barrel is of medium sire; rump long and 
level. Rudimentaries four and well placed. 

Crossbred 4: Taums Creamelle Hengerveld (98482) X Rosalie MSJHB {4457) — 
Holstein-Friesian X Jersey, 

Male. Solid black, muzzle slate color, tongue a clay-blue, switch black. Homs 
of medium length, curving slightly forward. Type that of an intermediate, but 
giving more the impression of the Jersey than the Holstein-Friesian. This impression 
may be due to the evident quality and refinement which the animal exhibits. The 
size of bone is greater than that which may be expected of a Jersey bull of the same 
age, showing that, even in the question of quality, the Holstein-Friesian has had 
Some influence. Four rudimentaries fairly well placed. 

Crossbred 5; Kayan (167617) X Dot Alaska (29353) — Aberdeen-Angus X Ayr- 
shire. 

Male. Solid black except for a few white hairs on scrotum. Muzzle light slate. 
Tongue and switch black. Prominent scurs. Type in general that of the Aberdeen- 
Angus, although in the lateral view of the head, the straight nose, and large refined 
nostrils exhibit the Ayrshire character distinctly. Rudimentaries four and well 
placed. 

Crossbred^: Taurus Creamelle Hengerveld (98482) X Maple Grove Netta (29304) — 
Holstein-Friesian X Ayrshire. 

Male. Black and white, the area of the white large in proportion to tire black. 
Fach white area has many black islands in it. The forehead has broad, V-shaped 
white star on it. Muzzle has a white strip. The tluoat is white. Upper part of 
forelegs and front of lower part white; ^vliite belly, the white extending across the 
shoulders, '^'hite on both sides of rump. Flanks and one side of hindlegs white. 
Muzzle slate-colored. Tongue flesh -colored; switch mostly white, but has some black 
in it. Type is that of an Ayrsliire . Broad forehead , straight nose, clean-cut lips which 
are rather long. Horns large, coming straight out from head, turning slightly up. 
Four rudimentaries well placed (PI. 3, C). 

Crossbred 7: Kayan (167617) X Ruth 8th MSJHB (4457) — Aberdeen-Angus X 
Jersey. 

Male. Solid black except for a white spot in the inguinal region. Muzzle medium 
slate; tongue pale clay -blue; switch black. No horns or scurs visible, although there 
are slight prominences under tire hair. In general the type is that of an intermediate. 
From the front view the breadth and dish of the forehead, blockiness of shoulders and 
fore quarters, and the depth of barrel indicate the Aberdeen-Angus. In the side view 
the head is that of the Jersey, as it shows much dish. The hind quarters are too light 
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and thin for the Angus, and the whole body exhibits more the dairy type than the 
type of the beef animal. Rudimentaries four and well placed. 

Crossbred 8: Kayan (167617) X College Creusa (25661)— Aberdeen-Angus X 
Guernsey. 

* Male. Solid colorof a dark red-brown hue. Muzzle is brownish and smoky. Tongue 
a light slate. No horns or scurs present. 

Crossbred 9: Kayan (167617) X Pauline Posch (81048)— Aberdeen Angus X Hol- 
stein- Friesian, 

Male. Black and white. White extends from the region of the navel to the inguinal 
region as a narrow band. Muzzle and tongue black. Switch black, with a few white 
hairs scattered through it. Small loose scurs. Hoofs black; secretions brown. The 
head and fore quarters have a pronounced beef type. The hind quarters are not so 
heavily fleshed as one would expect from a beef animal of the same age, Rudi- 
mentaries four and well placed. Milk wells small; veins about 2 feet in length and 
of fair size (PI. 4, A). 

Crossbred 10: Kayan (167617) X Creusa of Orono 3d (34228)— Aberden-Angus X 
Guernsey. 

Male. Brownish black except for a little white in front of scrotum. Muzzle and 
tongue light slate ; switch black. No horns. The type is that of the Aberdeen-Angus, 
although it is much refined. Tlie quarters lack something of the filling of the Aber- 
deen-Angus bull. Rudimentaries four, one small supernumerary placed in back of 
the hind rudimentaries about midway between them. 

Crossbred ji: Lakeland’s Poet (102603) X Delva Johanna De Kol (146774) — 
Jersey X Holstein-Friesian. 

Female. Black and white; small star in middle of forehead. Lower part of brisket 
white, extending onto upper part of foreleg. There is a spot on the left foreleg and 
one on the right foreleg just above the knee. Upper part of belly has irregular white 
spots. Right side of udder white, left side of udder has the middle portion white and 
back part black. White spot on right flank. Lo^ver part of tail above switch spotted 
with white. Little spot of white above ankle on each hind hoof. Muzzle slate; 
tongue white; switch white and black about equally mixed. Homs 7 inches, sharp, 
black tip.s, curving foruurd and in. Hoofs black; secretions a dark brown. The 
general type of body is that of a rather light Holstein-Friesian. In the side view of 
the face the thin nose and dish show clearly the Jersey influence. Four teats, one 
small supcrniuncrary pl^ed well up on middle of hind quarters (Hi. 4, B). " 

Crossbred 12: Taurus Creamelle Hengerveld (98482) X College Gem (40037) — 
Holstein-Friesian X Guernsey. 

Female. Black, white, and gray -fawn. Wliite on both forelegs and stockings 
extending to humerus. Belly has broad strip of white extending from between the 
forelegs as far back as the hind quarters of the udder. Hindlegs have stockings of a 
gray-fawn which extend as a regular line on right front side to ttie white on the belly. 
Muzzle black; tongue white; switch white; horns curved forward and slightly upward, 
with black tips. Hoofs black-and-white streaked; secretions orange. The type is 
essentially Holstein-Friesian in appearance, although the thinness of the face and 
the extremely heavy shoulders and high tail set show plainly tlie influence of Guernsey 
mother. The udder is of medium size, teats four and fairly well placed. Quality fair. 

Crossbred 13: Colmnbia's Fox (126386) X Eventime 4th (35526) — Jersey X Aber- 
deen-Angus. 

Male. Black, with a small amount of white on underside of throat and in the 
inguinal region. Muzzle slate; tongue light clay-blue; switch black. Fair-sized 
scurs. 'Hie breadth and height of forehead and heavy shoulders indicate the Aber- 
deen-Angus. The thin, narrow nose, low heart girth and lack of body depth, hair, 
and evident quality resemble the Jersey, However, the evident roundness of build, 
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and deepness of fleshing make the general type too much that of a beef animal to favor 
the Jersey. Four well-placed rudimentaries. 

Crossbred 14; Taurus Creamelle Hengenreld (98482) X Flying Fox’s Flora 
(274051) — Holstein-Friesian X Jersey. 

Male, Black and white. White between the forelegs extending as irregular 
spotting on either side into the inguinal region. Two white spots on right dioulder; 
white spot on right hip and right flank. White at base of switch. Muzzle white; 
tongue black; switch black-tipped white’ coverts. Homs white, black-tipped. 
Hoofs black; secretions light brown. Intermediate in type between the Holstein- 
Friesian and Jersey. Rudimentaries well placed; milk veins and wells small; about 
20 inches on either side (Pi. 4) C). 

Crossbred 15: Lakeland’s Poet (102603) X Hearthbloom (147141)— Jersey X Aber- 
deen-Angus. 

Female, Solid black. Muzzle black; tongue slate; switch black. Homs slight 
stubs just through the skin. Hoofs black; secretions a dark orange bordering on 
brown. Head, Moulders, and withers give the appearance of the Aberdeen- Angus 
except that they are somewhat reduced in size. The fleshing of the rest of the body 
is rather heavy, but not heavy enough for the beef type. In general it may be said 
that the barrel, nimp, flanks, and twist are of the Jersey type, which is heavily fleshed. 
Four well -placed teats; milk veins and wells small. Quality good. The poll of the 
head has the peculiar knobbed appearance which is characteristic of the Aberdeen- 
Angus (PI. 5, A). 

Crossbred 16: Kayan (167617) X College Ruth MSJHB (4895) — Aberdeen- Angus X 
Jersey. 

Female. Solid black. Muzzle black; tongue slate; switch black. No horns 
present, although there are slight loose prominences under the skin. Hoofs black; 
secretions dark brown. The face is intermediate in type between the Jersey and 
Aberdeen-Angus. In the front view of tlie face the great breadth of forehead and nose 
of tlie Aberdeen-Angus are not seen. In the side view the face lacks the dish of the 
Jersey. The general type is intermediate between Qie two breeds, the fore quarters 
favoring tlie beef type, the barrel, rump, and hind quarters generally indicating the 
Jersej’’ type, which has a considerable amount of flesh on it. Teats four, fmrly well 
placed. 

Crossbred 171 Kayan (167617) X Rue Victoria (2 73096)~.\berdeen-Angus X 
Jersey, ‘ 

Male. Black, except for a small amount of white in front of the inguinal region. 
Muzzle black; tongue black; switch black. Loose scurs about i inch in length. 
Hoofs black; secretions brown. Head, shoulders, and withers resemble those of a 
light Aberdeen-Angus bull. The depth and length of body and rump show the char- 
acteristics of a Jersey quite heavily fleshed. Loin has more breadth and filling than 
would be expected of a Jersey of the same age. Milk veins about 14 inches on each 
side. Rudimentaries four and fairly ivell placed. Quality fair. 

Crossbred 18: Kayan (167617) X Ruth 8th MSJHB (4457)— Aberdeen-Angus X 
Jersey. 

Male. Twin to No. 19, Black in color, Died when only a day old. 

Crossbred 19: Kayan (167617) X Ruth 8th MSJHB (4457)— Aberdeen-Angus X 
Jersey. 

Female. Twin to No. 18. Solid black. Muzzle, > tongue, and smteh black. No 
horns, although slight, loose concrescences can be felt through the skin. Hoofs black ; 
secretions brown. Face, shoulders, and fore quarters resemble the Aberdeen-Angus. 
Hind quarters are those of the Jersey in very high condition. Hair rather coarse in 
quality like that of its father. Four w^ell-placed teats; milk veins small but long, 
leading to four wells (PI. 5, B). 
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Crossbri;02o; Taurus Creamelle Heugerveld (98482) X Maple Grove Netta (29304)— 
Holstein-Friesian X Ayrshire. 

Male. Black and white. Broad white star on foreliead. Throat white; white 
band extending across shoulders onto belly on the left side. White spot on right 
shoulder. White on dewlap and brisket. Front side of forelegs white; back black- 
and-white spotted. B$lly black and white, white extending as an irregular band to 
the region of escutcheon. Spot on right flank; irregular white area extending down 
onto left leg from tail. Hindlegs white on front side; backside black. Line of 
demarcation between white and black irregular. Muzzle black; tongue white; 
switch white. Homs large, rather thick at base, extending upward and in, as a 
characteristic of the Ayrshire type. The general type of body is that of an interme- 
diate, tending more toward tlie typical Scottish Ayrshire build. However, the 
thickness of the shoulders and tlic depth of fleshing show the Holstein-Friesian blood. 
Four rudiraentaries and two supernumeraries placed near left hind rudimentary. 

Crossbred 21: Kayan (167617) X Dot Alaska (29353)— Aberdeen-Angus X Ayr- 
shire. 

Male. Black except for a very small area of white in tlie inguinal region. Muzzle 
dark slate; tongue black-tipped, with a small spot of black on right side; otherwse 
white. Smteh black. Horns large and quite solidly attached. The face and body 
generally are those of the Aberdeen- Angus, although the horns and V-shaped appear- 
ance of the head show the stamp of the Ayrshire. Fore quarters are distinctly Aber- 
dccn-Angus, hind quarters are a trifle high in twist, and perhaps a little light for this 
breed. Four large, prominent rudimentaries well placed (PI. 6, B). 

Crossbred 22: Kayan (i676i7)XCollege Creusa (25661)— Aberdeen-AngusX 
Guernsey. 

Female. Black and white; white streak on belly and aroxjnd udder. Muzzle 
black. Tongue slate; switch black. Homs are entirely absent. Hoofs black; 
secretions brown. The face tends more to the Guernsey than to the Aberdeen-Angus 
type, except that the horns are lacking. Withers and brisket heavy, barrel well 
rounded, poorly fleshed for the Aberdeen-Angus. On the whole, the general appear- 
ance is more that of a Guernsey, which is very low set, than it is that of the Aberdeen- 
Angus. Teats four, well placed; milk veins and wells small. Veins are too fine for 
them to be felt through the thick coat. 

Crossbred 23: Taurus Creamelle Hengerveld {98482) X Columbia Brown Bessie 

(148 55 1 )— Holstein-Friesan X Jersey- 

Male, Black and white. White spot on forehead; white on brisket; white in 
inguinal region; and white stockings on hind feet. Muzzle black; tongue white, 
witli a small black spot on tip of it. Switch white. Homs well developed, curving 
forward and slightly up. The general type is tliat of an intermediate, favoring the 
Jersey in the side view of the head and light-fleshed hind quarters. The shoulders 
and withers are those of the beef breed, although not carrying quite as much fleshing. 
Rudimentaries four and well placed (PI. 5, C). 

Crossbred 24: Kayan (i676i7)XCollege Creusa 2nd ( 34 i 27 )-Aberdeen-AngusX 
Guernsey. 

Male. Black, except for white shield in inguinal region. Muzzle dark slate; 
tongue dark slate; switch black. Homs small and easily movable, diowing that 
they are not attached to the bone of the head. The contour of the face is interme- 
diate, but favors that of the Aberdeen-Angus. The body is more Guernsey than 
Aberdeen-Angus in type, although the heavy fleshing of the fore quartere and dioid- 
ders and rather deep flesh of the hind quarters show the beef type. The rudimen- 
thries are four, the two front ones being quite small. All four are rather well placed. 

Crossbred 25: Crossbred oXCrossbred i— Jersey -Holstein- Friesian X Jersey- 
Holstein-Friesian, * ^ 

78773®— 18 2 
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Female. Color black and wlite. Broad white star on forehead; white at throat, 
irregular broad white band extends over withers from the right side and connects 
with the belly on the left side. Brisket white ; left foreleg has white stocking, and 
the other side is white. Belly white as far as the escutcheon. Hindlegs white. 
Irregular white spot including the rump and tail base. The lower extremity of the 
tail white. Mcizzle black; tongue flesh-colored; switch* white. Homs curved 
forward and in, rather light, and about 5 inches long. Hoofs black; secretions 
brown. The animal is, on the whole, rather small for her age. She exhibits the 
Holstein-Friesian type in the face when viewed from front or side. Shoulders and 
chest rather heavy and deep. Four fair-sized, well-placed teats. 

Crossbred 26: Kayan (i676i7)XCreusa of Orono 3d (34228) — Aberdeen- Angus X 
Guernsey. 

Female. Color solid black, except for a small white area around the teats. Muz- 
zle black; tongue slate; switch black. No boms nor scurs present. Hoofs black; 
secretions yellow. In general, the face and shoulders favor the Aberdeen-Angus 
type. The barrel and hind quarters, which are quite heavily fleshed, show plainly 
the Guernsey character. The back is somewhat swayed, like the back of the Guern- 
sey Tnother. Teats medium-sized, not especially well placed. 

Crossbred 27: Lakeland’s Poet (io26o3)XOrono Madge (192781-— JerseyXAbef- 
deen- Angus. 

Female. Black, with a small amount of white around the teats. Muzzle black; 
tongue slate; switch black. No trace of horns nor scurs present. Hoofs black; 
secretions yellow. The type of the face is intermediate, although rather favoring 
the Jersey, even while it still retahis some of the breadth and lacks the dish char- 
acteristic of this breed. Shoulders are heavy and deeply fleshed. Barrel and rump 
give the appearance of a Jersey animal in high condition. Back is considerably 
swayed, this characteristic coming probably from the Jersey father. Teats four, of 
medium size, and rather well placed. 

Crossbred 28: Kayan (i676i7)XPaulme Posch (81048)— Aberdeen-AngusX 
Holste in-Friesi an . 

Male. Black, except for a small white spot on sheath and scrotum. Very little 
white area on right hind leg. Muzzle black; tongue black on distal half, proximal 
half white; switch white. The horns are represented by small scurs shown not to be 
attadied to the bone of the head, since they are movable. Face and fore quarters 
show the Aberdeen-Angus characters plainly. Hind quarters are intermediate, but 
favor the Holstein-Friesian, as the animal stands too high on its feet and is too highly 
cutup in the twist for a good Aberdeen-Angus. Four rudimentaries are present, 
the front ones being inch long. 

Crossbred 29: Kayan (167617) X Creusa’s Lady (53234)— Aberdeen-Angus X 
Guernsey. 

Female. Black, brown, and white. Brown ring around eyes and on inside of fore 
and hind leg. White line along underside of belly. Muzzle white; tongue slate in 
distal, flesh color in proximal portion ; black switch. No horns present. Hoofs black; 
secretions brown. Head narrow and thin, long for the Aberdeen-Angus; only a slight 
dish. The shoulders are ratlier heavy tending more tow^ard the beef form than toward 
the dairy type. Body and hind quarters resemble tlie Guernsey. Four teats fairly 
well placed. 

Crossbred 30: Taurus Creamelle Hengerveld (98482) X Orono Ellen (192783) — 
Holstein-Friesian X Aberdeen-Augus. 

Male. Black and white. White extending as a line on the belly as far as the 
brisket. Coronets of both hind feet white. Muzzle black; tongue black; switch black 
and white, black predominating. Loose scurs about i inch in length. Hind hoofs 
white ; front hoofs black ; secretions light brown . Lower part of the face resembl es the 
Holstein-Friesian; upper part has the character of an Aberdeen-Angus. The type of 
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the rest of the body Is that of an intermediate, resembling the Aberdeen- Angus in the 
increased amount of flesh carried by the animal. Four rudimentaries fairly well 
placed. Animal shovps a good deal of quality. 

Crossbred 31: Lakeland’s Poet (102603) X Fventime 4th (155526). 

Male, Solid black. Muzzle black; tongue black; switch black, Homs are loose. 
Hoofs black; secretions considerable in amount and a dark orange. * Face is rather 
long, narrow, and more on the order of the Jersey than the Aberdeen-Angus. Shoul- 
ders rather heavily fleshed. Four fairly well placed rudimentaries. Mammary vein 
small. Quality is rather good. 

Crossbred 32: Kayan (167617) X Canada's Creusa (44386) — Aberdeen-Angus X 
Guernsey. ■ 

Male. Black except for a small area of white around rudimentaries. Muzzle 
black; tongue black; switch black. Homs of good length and solid. Hoofs black; 
secretions light brown. The head and shoulders ate essentially those of an Aberdeen- 
Angus thinly fleshed. The rest of the body indicates the type of a Guernsey bull 
of about the same age. Rudimentaries ratlier small, placed close together. 

Crossbred 33; Lady Primrose Governor of the Fountain (18328) X Hearthbloom 
(147141)— Cuemsey X Aberdeen Angus. 

Female. Solid brownish black. Muzzle 5late; tcingue a light slate; switch black- 
The front view of the face resembles the Aberdeen-Angus with the exception of having 
a rather small muzzle. Tire side viev/ shows the influence of the Guernsey. On the 
whole the animal is much too blocky of form to resemble a typical Guernsey, and all 
in all resembles the paternal side rather than the maternal in its shape of body. 

Crossbred 34: Crossbred o X Rosalie MSJHB (4887)— Jersey- Holstein-Friesian 
X Jersey. 

Female. Red and black. Light fawn on underside of throat. Xeck gives a dark* 
red appearance, owing to the under hair being a red and tire outer hair nearly black. 
Barrel has a dark reddish tinge, black on front side of foreleg and red on the back side, 
Hindlegs a red-fawn. Muzzle black; tongue black; switch black with a few hairs in 
it. Ho ms of a medium length . Hoofs black ; secretions orange . Th c head and body 
give the characteristics typical of the Jersey. Four well-placed rudimentaries of fair 
size. 


Crossbred 35: Taums Creamelle Hengerveld (98483) X Flying Fox’s Fbra 
(374251) — Holstein-Friesian X Jersey. 

Male. Black and white. %hite on belly. Short white stockings on forelegs; 
hindlegs have rather long stockings. Muzzle black; tongue white; swHtch white! 
Homs rather long, solidly attached. Hoofs white; secretions a light brotvn. The 
f^e is that of a Jersey somewhat shortened and increased in breaddi. Barrel and 
hind limbs are Jersey except that withers are rather heavy. Four rudimentaries 

Crossbred 36: Kayan (167617) X Orono Netta (38832)-Aberdeen- Angus X Ayr! 
shire. ^ 

Male. Solid black. Muzzle black, tongue slate. The type is that of an inter- 
mediate throughout. The shoulders and body are rather more thick-set and blocky 
than would be expected of the Ayrshire and a little too rangy for the Aberdeen- 
Angus. 


CROS 5 BRED 37: Kayffl (i 676 . 7 )XDot Alaska (, 93 M>-Abe,dcEn-ABSRsXAyTrfure. 
Female. Black and white, the white oecurring as a white irregular patch around 
tte teats. Muzzle black; tongue black; switch black. No trace of horns. Hoofs 
black; secretions dark brown. Face is an intermediate between the Ayishire and 
Angus leanmg ^re toward lie Aberdeen-Angus type. Body distincUy Ayrshire 
«cpt for the shoulders, which arc much too heavy for that breed. Teats good sire 
fairly well placed. Udder of good size, quality fair. 

X Ct^bred 10 X College Creusa ( 3 s 66 i)-Aberdeeii-Angus-<iuemsey 
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Male. Solid color, a dark shade of orange, a little light on fore-’and hindlegs. Muz- 
zle is badly smutted with black; tongue is cream-colored; switch red. Secretions 
a light orange. Face is that of a Guernsey except for the fact that it is rather short 
and broad. Has some didi. Shoulders are a trifle heavy, but aside from that the ani- 
mal tends toward the type which would be expected of a Guernsey bull of the same 
age. Rudimentaries small, fairly evenly placed (Pi. 6, A). 

Crossbred 39: Kayan (167617) XRue Victoria (273097) — Aberdeen- Angus X Jersey. 

Male. Solid black. Muzzle black; tongue slate; switch black. Scurs are short 
and loose. Hoofs black; secretions brown. The face is plainly that of the Aber- 
deen-Angus, and the general type of body is intermediate between the two breeds. 
Four wejl-placed, good-sized rudimentaries. 

Crossbred 40: Kayan (167617) X College Creusa and (34227) — Aberdeen- Angus 
X Guernsey. — 

Male. Black and white, white limited to a small area around the rudimentaries. 
Muzzle black; tongue slate; switch black. Homs consist of small stubs just through 
the skin. Hoofs black; secretions brown. The forehead and shoulders are more 
those of the Aberdeen- Angus than those of the Guernsey. A thin muzzle and rather 
lighter fleshing of the rest of the body give tlie appearance of a beef and milk animal 
rather than that of either the beef or dairy type. Rudimentaries fom, about equal 
distance apart. 

Crossbred 41: Kayan (167617) X College Gem 2nd (53235) — Aberdeen -Angus X 
Guernsey. 

Female. Solid brownish black. Muzzle black; tongue slate; switch black. No 
evidence of horns, but it really died too young to determine this point. Face gives a 
general appearance of the Guernsey type. Fore quarters, barrel, and hind quarters 
intermediate. 

Crossbred 42: Crossbred o X Flora’s Golden Poetess (264927) — Jersey-Holstein- 
FriesianX Jersey. 

Female. General color a dark dun, with no white spots. The dark-colored hair 
intimately mingled with a smaller proportion of black hair. Muzzle black; tongue 
black; switch black. Homs present. Hoofs black; secretions brown. The gen- 
eral build of the face and general body contour tends toward the Jersey type rather 
than the Holstein- Friesian. 

Crossbred 43: Crossbred o X Crossbred i — Jersey-Holstein-Friesian X Jersey- 
Holstein- Friesian . 

Male. Four white spots on the front side of both forelegs. White brisket; irregular 
white spots on belly made up of four white streaks on both sides. Muzzle black; 
tongue white with a black spot in it toward the base; switch black. Short horns 
present and hoofs black. General type of both the body and face is that of a Holstein- 
Friesian, 

Crossbred 44: Taurus Creamelle Hengerveld (98482)XOrDno Madge (192781) — 
Holste in-Friesi an X Aberdeen- Angus. 

Female. Solid black. Muzzle black; tongue black; switch black. Very small, 
loose scurs present. Hoofs black. The face is narrow and thin, without much dish, 
indicating the Holstein- Friesian type. The fore quarters are Aberdeen- Angus. The 
body and hind quarters are intermediate, favoring slightly the Aberdeen- Angus type. 

Crossbred 45: Kayan (167617) X Pauline Posch (81048) ~ Aberdeen-Angus X 
Holstein-Friesian. 

Female. Black, with a small white streak on the belly. Muzzle black; tongue, 
distal portion black, proximal white; switch black. Hoofs black. General type is 
that of an intermediate, with the face and fore quarters favoring more the Aberdeen- 
Angus. 

Crossbred 46; Taurus Creamelle Hengerveld (98482) X Lassie of M. F. (297736) — 
Holstein-Friesian X Jersey. 
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Female. Black and white. White belly to brisket. Short white stockings. 
I/)wer part of tail white. Muzzle black ; tongue slate in the distal portions and white 
in proximal; switch white. Large horns present. The face is of the extreme Jersey 
type, almost a complete reproduction of that of her mother. The rest of the body is 
intermediate between the two breeds. 

CR0SSBa^D47: Taurus Creamelle Hengerveld (98482) X Hcarthbloom (147141) — 
Kolstein-Friesian X Aberdeen-Angus. 

Female. Black and white, with small white areas extending the length of the 
belly. Muzzle black; tongue black-tipped, white at base; switch white-tipped. 
Hoofs black; secretions dark. The general type of the body and face is that of an 
Abdereen-Ai^s. 

CkossbrGd 48: Crossbred o X Oossbred ii — Jersey-Holstein-Friesian X Jersey- 
Holstein-Friesian . 

Male. Black and white. Small star on forehead. Irregular white spot on left 
shoulder. Irregular white areas on both fore feet. Small white spot on left hind 
ankle. Belly white; muzzle black; tongue white; switch white. Homs present. 
Hoofs black. General type is that of a Jersey. 

Crossbred 49: Taurus Creamelle Hengcrvcld (98482) X Crossbred 2 — Holstein- 
Friesian X Holstein-Friesian-Guernsey. 

Male. Black and white. White under throat and on underside of neck. Fore and 
hind legs white; belly white; muzzle white, with four black spots scattered over it; 
tongue white; switch white. General appearance is that of a Holstein- Friesian. 

Crossbred 50: Taurus Creamelle Hengerveld (98482) X Eventime 4th (133526)— 
Holstein- Friesian X Aberdeen-Angus. 

Male. Black and white. Large star. White SJxit on left shoulder and irregular 
white spots on both flanks. Belly white to brisket; muzzle black; tongue slate at tip, 
witli white in proximal half; switch white. This animal died when it w'as too young 
to determine whether or not horns would be present. Hoofs black in tlie fore parts 
and white behind. The general type is that of an intermediate between the two 
breeds. 

Crossbred 51: Taurus Creamelle Hengerveld (98482) X Crossbred 12 — Holstein- 
Friesian X Guemsey-Holstein- Friesian. 

Male. Black and white. Medium-sized star. White belly; fore and hind feet 
white; muzzle black; tongue white; switch wEite. Homs present. Hoofs white. 
ITie general type of the body is that of the Holstein-Friesian. 

Crossbred 52: Taurus Creamelle Hengerveld (98482) X Orono Ellen (192783) — 
Holstein-Friesian X Aberdeen-Angus. 

Female. — Black and white, the white limited to the inguinal region. Muzzle 
black; tongue black; switch black. The general type of the face aud fore quarters 
is that of the Aberdeen-Angus, the hind quarters resembling the Holstein-Friesian. 

Crossbred 53; Taurus Creamelle Hengerveld (98482) X Rosalie MSJHB (4887) — 
Holstein-Friesian X Jersey. 

Male. Solid black. Muzzle black; tongue black, with a small white spot near 
its base; switch black. Homs present. The general appearance of the face and 
body is that of the Jersey type. 

SPECIFIC PROBLEMS FOR ANALYSIS • 

These data just presented offer perhaps the most accurate scientific 
material on first-generation crosses that exists for the study of many 
vexing questions on inheritance in cattle. *Their collection is the result 
of a carefully planned series of experiments both to test the result of 
other investigations and to bring forth new data on the subject. The 
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descriptions of the crossbreds and their parents furnish the material for 
the objects for our preliminary study — 

(1) To determine the inheritance of the following color characters: 
Body colors oi the dairy cattle, red, white, yellow, fawn (in its various 
shades), and’ black; the white markings, muzzle and tongue pigment, 
and switch color. 

(2) To determine the mode of inheritance of the polled character. 

(3) To determine the inheritance of the body and breed type in the 
first generation. 

(4) To determine whether quantity and quality of milk are characters 
which exhibit dominance and segregation. 

EXPERIMENTAL RESULTS 
inheritance of color characters 

Body Color 

The summary of the data for the individual description is tabulated 
as follows: The offspring of a given bull are given under the name of 
the bull. The description of the mating consists of, first, the description 
of the character studied in the given bull and the description of this same 
character in the dam. Following these parental descriptions are given 
the description and number of a given kind of offspring resulting from 
a given mating. This same scheme of tabulation of the results is used 
for all characters studied in the paper. The term “solid color” is used 
in the following sense: In speaking of the general body color of an 
animal it means that that animal has no white markings whatsoever. 
In speaking of a given part of the animal, as the face, it means that this 
part has no white markings, although white may occur in other places 
throughout the coat. The terpi “color” is considered to be the ground 
color of the body and not the white spottings. With these lew d "finitions 
made clear the consideration of the data on the behavior of the coat color 
in inheritance for our crossbred herd may be taken up (Table VII). 

Table VII shows that black body color is dominant to all other colors, 
red, browm, and fawn. Two interesting cases of segregation occur. The 
decp-orange-coated bull and the dark-fawn heifer are shown to come 
from matings of black Fj parents. These cases are too few to base any 
definite conclusions as to the number of factors in coat-color inheritance, 
but what they do indicate is that there is a particular inheritance and 
not a blending one. 

These conclusions arc in line with the general experiences of those who 
have bred black cattle and fawn or red colored animals together. 
Spillman (41) showed that the progeny of Fj hybrids of black on red 
cattle behaved in Mendelian fashion with red recessive. This conclu- 
sion was further emphasized by the crosses made of the Hereford on 
Aberdeen -Angus by Boyd (70), in which he showed that this black of 
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the Aberdeen- Angus was dominant. The red of the Hereford segre- 
gated out in the F2 generation. Further, in his interesting crosses of 
bison on domestic cattle, Boyd (10) shows that the bison on almost any 
breed produced either black or brindle body color, indicating that here 
also the dark body color was dominant. 

Early in the study of the inheritance of color in cattle Barrington 
and Pearson (6) collected data to show that red cattle sometimes resulted 
from the cross of two black Galloways. This was used by them as an 
argument against the Mendelian explanation. It remained for Lloyd- 
Jones and Evvard (20) on their own data and that of Youatt (5^) to 
show that this was no anomaly to the Mendelian explanation, but that 
it was due to the grade Galloways being heterozygous for this red. In 
some crosses of Shorthorns on Galloways they show that in the straight 
Fj generation a clean-cut segregation of 20 blacks to 6 reds was obtained. 

Table VII . — Behavior of the general body color in ike parental and fint filial gmera- 
tions of cattle 


Sire. 

nescription of mating. 

Offspring. 

Tatinis Creamelle Hen?erveld . 

Black X black 

7 black. 

Do . 


5 black. 

2 black. 

Do 

Black X black carrying 


fawn. 


Do 


1 5 black. 

4 black. 

jjo 





Crossbred 0 F, i 

Fj black carrying fawn X fawn , 

I black, I dark fawn, 

1 

Do 

Fi black carrying fawm X Fi 

some black haira 
present. 

3 black. 

Crossbred 10 F, 

black carrydng fawn. 

Fi black carrying fawn X fa-'vn . 

1 deep red-fa\m. 

Lady Primrose’s Governor of 

Fawn X black 

I black. 

the Fountain. 

Delva's University De Kol . . 

Black X fawn. 

Do. 

Johanna Lad Manor De K.0I . . . 

do 

Do. 

Colu'^nbi a Foy . . 

Fawn X blvick 

Do. 





The F2 generation of our crosses contains two very interesting animals 
as above mentioned : One, a deep-orange bull, was the result of a back- 
crossed black Fj bull carrying the Guernsey color onto a Guernsey. 
The other was produced by a back cross of a black Fj bull, Holstein- 
Friesian X Jersey, onto a dark Jersey. The coat of this heifer was 
very dark. The appearance of the dark-fawn and deep-orange oflfspring 
from black F^ parents indicates that segregation of the parental coat 
colors does occur. The deep-orange bull is of especial interest since he 
shows the segregation of the Guernsey coat with the color modified. 
This deepening of the shade of the coat seems to be confirmatory evi- 
dence for the hypothesis advanced by Wright (5<y) that the coat color 
of Guernsey cattle differs from the other dun-colored breeds by a reces- 
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sive dilution factor for this fawn. The proof for this factor being reces- 
sive comes in the fact that the Pj cross was a back cross of a black Guern- 
sey Fi bull on a Guenrscy cow. Furthermore, this factor from the 
nature of the cross can not be sex-linked as in the case of Wentworth’s 
explanation df the dark shade of brown in the coat of the male Ayr- 
shire (46). 

The case of the almost identical appearance of the dark dun F3 heifer 
and her Jersey parent agrees well with the findings of Kuhlman (17) 
for Jersey X Aberdeen- Angus crosses. These cases support the con- 
clusion that in the Jerseys any such dilution factor as that in the Guern- 
sey is not normally present. 

Gejnerai, Whit^ Markings of tiir Coat 

Most investigators have considered that white markings found in the 
different parts of the coat were due to a piebald factor exhibiting great 
somatic variation (zg, si, 45, 48). This statement of the case seems to 
the author to have many contradictions, but as thi* appears to be the 
popular belief the data will be treated first from this point of view. 
Table VIII prevSents this treatment. 

TabIvR VIII . — Behavior of the general white markings in ihe parental and first filial 
generations 


Sire. j 

Destription of mating. 1 

OfisDfing. 

Taurus Creamelle Henger- 

Spotted X solid color 

2 solid colors, 5 spotted. 

veld. 1 


Do 


8 spotted, I solid color. 

3 solid color, 5 spotted. 

3 solid color, 13 spotted, 

I Solid color. 



^Do 


bakeland's Poet ' 

i Solid color X solid color . . 

Do ' 


2 solid color, 3 spotted. 

Minor crosses: i 


Crossbred 0 

Fj spotted carrying solid 

2 solid color. 

Do 

color X solid color. 

Fj spotted carr}’ing s(]lid 

3 spotted. 

Crossbred 10 

Tady Primrose's Governor , 

color X Fi Spotted cariy’- 
^ing solid color. 

Ft spatted X spotted 

1 Spotted X spotted 

I solid color, 

Do. 

of the Fountain. i 


Delva ’s University De Kol . . : 
Johanna Dad Manor De Kol . 

. . . .do 

! Spotted X solid color. , . . 

I spotted. 

Do. 

Columbia’s Fex 

1 — do 

Do. 


Two points of importance come out in consideration of these data: 
First, the white piebald factor must be dominant; second, this factor 
must be present in the bulls in the heterozygous form, as each bull 
throws some solid -color animals. The first conclusion is not strange, 
for it is to be expected that the factor is dominant, recessive, or perhaps in- 
termediate in its effect. The fact could, however, be just as well explained 
by the presence of a dominant factor for white in a given part of the 
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body and the simultaneous presence of other recessive factors for white 
in the rest of the body. The second conclusion could be explained on 
chance sorting, in which chance had given us nine heterozygous bulls. 
Such a conclusion would seem unlikely, unless the piebald condition is 
lethal when homozygous, furthermore, the piebald condition is always 
favored in the ratios obtained as this work and that of Kiescl (18) have 
shown. 

The work of others furnishes further supporting evidence for the 
view that the white markings are brought about not by one factor but 
by the interaction of many. Boyd (ro) and Nabours (26) have shown 
that the white face of the Hereford is dominant. In collecting evidence 
for cases parallel to their case of animals white with red and with black 
ears Lloyd-Jones and Hvvard {20) found Storer {20), Wilsdorf (4-8) f 
and others had described similar cases. Chillingham and Park cattle 
have such dominant markings of white body coat with black ears; and 
Pembroke and Highland cattle, which have a coat of almost identical 
pattern, have the character recessive. Wilson (5/) further fills in the 
gap by describing cases of cattle v/hich were all white. Besides these 
examples the belt of the Dutch-belted cattle has been shown to be 
separately inherited. Thus it would seem that there are many cases 
where a given kind of white is separately inherited. 

All of these cases are important for the interpretation of the coat of 
the roan Shorthorn. Already some of those differences in behavior 
of the white have been used for parallels to explain the peculiar ratios 
obtained in these Shorthorn cattle studies {20, ^8). It remains, how- 
ever, to be shown that there is any difference in the inherited white 
throughout the different parts of the coat before this parallelisnt is 
established. Allen (r) has made a beginning at this kind of attack by 
his studies on the distribution of these white markings in mammals and 
birds. His studies as to the location of the centers of these spots are in 
general found to check well with this study. The location of the areas 
may be given as follows: The forehead, the throat, a band across the 
shoulders often extending to the belly, an irregular spot on the rump 
including some of the tail set, irregular spots on the flanks, lower half 
of tail above switch, belly from brisket to inguinal region and any leg 
as a coronet, or as a short or long stocking. 

The data on these crossbreds as above presented are well suited to this 
novel analysis. The markings of both parents and offspring have been 
carefully examined and described in writings, by drawings, and with 
photographs. The areas were found to fall naturally into the groups 
above mentioned. The material to determine the behavior in inheritance 
of the various groups is available. 

The general practice followed throughout the study of these indi- 
vidual spots is to consider each area separately. The general conclu- 
sions for the behavior of these areas are then given. If there are any 
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cases which appear anomolous to the conclusioa, these are considered 
together with their color pedigree. The summary and general con- 
clusions are reserved for the end of this section on white markings. 

WHlTfi MARKINGS Of THR I^AC^ 

The markings of the face have been divided into the classes familiar 
to most breeders : Star, star and snip, blaze, and solid color. In all of 
these studies the presence of a few white hairs is considered as star or 
snip, etc., according to the place of its appearance. 

'I'he behavior of the F, progeny markings is shown in Table IX. 


TabcU IX , — Behavior of the -white markings on ike face in the parental and first filial 
generations 


Sire. 

Descript ioJi yf luatinR, 

Offspring, 

Taurus Creamelle Henger- 

Star X solid color 

8 solid -p 3 star. 

veld. 





I solid -}- 1 star, i star snip. 

I blaze. 

Do 

Star X F 1 blaze carrying 

Do 

star. 

vStar X Fi solid color car- 

I star. 

Kayan 

r>'ing star. 

Solid color X solid color. . , 

9 solid color. 

Do 



Do 


3 solid color. 

Do. 

Lakeland’s Poet 

Solid color X solid color . . . 

Do 

Solid color X star 

I solid color + I star. 

I solid color. 

Do i 

' Solid color X blaze . 

Minor crosses: I 


Crossbred 0 

i F I solid color carrying 

2 solid color. 

Do ' 

star X solid. 

F j solid color carrying ] 

2 star, I solid color. 

Crossbred 10 

star X solid carrying 
star. 1 

F 1 solid carrying star X 

I solid color. 

Lady Primrose’s Governor 

star. 

Star X solid color 

Do. 

of the Fountain. 



Johanna Lad Manor Dc Kol. 
Cohimbia’s Fox 

! do 

Do. 

Solid color X solid color. . . 

Do. 


As a whole, Table IX indicates that white markings of the face are 
suppressed in the offspring when one of the parents is solid color. 
There is one exception to this interpretation. Heifer 12 had no mark 
and came from Taurus Crcanielle Hengerveld (large star) and College 
Gem (very small star). It may be, of course, that this star in College 
Gem is hair just turning gray with age. This does not seem likely, 
howevf-r, and it seems best to consider tliis a case against so simple an 
hypothesis as a single recessive. Four other cases offer exceptions if it 
should prove true that their solid-color parents are genetically solid 
colored. Unfortunately, orriy two of these cases can be pedigreed, as 
they alone come from breeds recording color markings as part of their 
registration for the herd book. The first of these (Columbia’s Brown 
Bessie) has her color pedigree given in Table X. 
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The pedigree of this animal has so much recorded white in it that it 
is possible to make the appearance of white on any of her offspring quite 
likely from the standpoint of chance inheritance of single factors when 
she is mated to white bulls, 

Tabi,® X.,— Pedigree of Columbia’s Brown Bessie 


!I 


a'd 


No. J 4 SSO. S 

Brown Bbssib’s 
Son, 

Solid color, black 
toneue and switch. 

No. 17576. J 

Combination jd. 
Solid color, black 
switch. 

No 4389, Combination. d 

Solid color, black points. 

No, 29330, Com .A. 9 j 

Solid color, black tongue and switch , | 

No. 74997. 9 

Brown Brssir. 
White flanks, belly, and 
tongue; switch black. 

No. 7890. VoLi'ij, f 

Solid color, ■white tongue, black 
switch. 

No, 74996. Brown Flora, 9 

Solid color, black tongue and switch. 

No. 37406. 9 

Fancy BitK. 

Star, whiteflanks; 
fleck on right 
thigh; white 
armpits, belly, 
forefeet, and 

No. 9777. d 

F.M^cY’a Harry. 

No; 3445 - I/ORD Harry. d 

Solid color. 

hind stockings; white 
tongue; mixed switch. 

No. 2R76. Landseer’s FaNcv. 9 
EiTlids buff ; star; white on shoulder; 
white forefeet, hind legs; belly 
white. 

switch. 

No. 9807. 9 

Beeswax. 

Gray; white in both 
flanks, left hip, both 
hind legs, and left 
fureleet; white bcUy. 

No. 1404. Top S.twyer. d 

Solid squirrel gray; black tongue 
and switch. 

No. 1S70. Bestua 3D. 9 

Solid color, black tongue, hoof, and 

S'witih. 

No. 26&S3- S 
Turbico’s Best 
Son. 1 

Solid color, black 
tongue and 
switch. 

No, 1820S. 6 

Turbigo. 

Solid color, black tongue 
and switch. 

No, 3533. Tormentor. d 

Gray; dark shading; small star; white 
belly, front of hind fegs, and fore 
ankles. 

No. 24757. >f.AJESTlC. 9 

Solid color, white tongue, and brown 
switch. 

No. 49119. 9 

ZCHANBA. 

White spot no each 
flank, on right thigh; 
white belly; white 
tongue and switch. 

1 

1 No, 136(14, Ruby’s II.arrv. d 

Spot on face; white on right arm" 
flanks, belly, and left hind leg; 
right hind stocking white; mixed 
i switch. 

i No. 13592. MI 5 .S Everdekn. 9 

Partly colored. 

No. 80927. 9 

Flossie Landseer. 

White fleck on 
each flank, arm- 
piLs, utirl belly; i 
white on thigh; | 
hind legs, 
longn e , and 
switch 'white. 

No, 24886. J 

1 Fancy’s Harry 7TH. 
Mixed black and -v^hite 

No. 9777. F.ancv's Harry, d 

While on forefeet; white hind stock- 
ings; white tongue; mixed switch. 

* 

i No. 329S9. Ruby Torment. 9 

1 Little white on brisket and flanks; 

white belly; white on legs; while 

1 switch. 

No. 75581. 9 

Aleiha op Mount 
PlE.AS.'VNT. 

Sr>lid color, black tongue 
and switch- 

No, 11378. Sir Ki.orian. d 

• Solid color, black tongue and switch. 

■ No, ,5,3487. Knna. 9 

Solid color, black longue and switch. 




Fancy Bee (37496), the granddam on the father’s side, had a star 
which, if the hypothesis that the star is due to a single recessive is 
correct, would have been transmitted to Brown Bessie’s Son 6th in the 
heterozygous form (single dose). This gives an even chance that 
Columbia’s Brown Bessie carries a star. 
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The case of Lakeland’s Poet, father of Heifer ii, is not quite so good. 
There is still, however, a good chance that he carries this star, as may 
be seen from his color pedigree (Table XI). 

TadlS XL — Pedigree of Lakeland’s Poet 



on left 

No. P. S. 3591. c? 

Caiest. 

White under 
chest; white on 
forelegs; switch 
white. 

No. 2407 . cf 

%S, PONTAINE'S Kmr,. 
White on each stifile; 
tail and tongue white. 

No. 1559. S. Boyle, d 

White spot on forehead; tail and 
tongue white. 


No. *537. n. Fontaine 4TH. 9 

l^awa and white; white patch on 
forehead; white spot behind right 
shoulder. 


|g 


No. 35 !tj. 9 

D. Oxford Lass. 
White across withers; 
tongtie black; tail 
white. 

No, 928. Count Wolseley. d 

Brown, solid color; tail and tongue 
black. 




No. 2252. D. Oxford Primrose. 9 
Fawn; white stripe on left shoulder. 


No. P.S. 6311.9 
MabEE 3sTU. 
Solid color, red 
muzzle. 

No. JS59. S 

vS. Boyle. 

White spot on forehead; 
tail and tongue white. 

No. 1242. 45 . Golden Lad, d 

Gray-fawn, solid color; tongue and 
switch black. 





No. 3314, D, Tootsie. 9 

Gray; white on each stiffle; white 
ring in tail; tongue white. 

VJ 



No. 3213. 9 

D. Mabel 23D. 
Tongue aud tail black 
dappled on chine. 

No. 390. S. Eveston Klng. d 

Gray, solid color; tongue black and 
white. 

g 



No. 1125. D. Mabel 13TH. 9 

Brown; white spot on loins; white 
speck behind each shoulder; tail 
black. 

1 S 

1 w 

< 

0^ 

No. 53 ^ 44 . 

Pedro’s Polo. 
Solid color, black i 
tongue and! 

No. 45486. S 

General Marigold, 
Solid color, black tongue 
and switch. 

No. 34969, Major Polo, d 

So id coIot; brown tongue and 
switch. 


brisket; 

switch. 

i 

! 

No. 88186. Mary Idagold. _ 9 

Solid color except little white on 
belly; black tongue and switch. 




No. 88543. 9 

Rioters Pretty Belle. 
Solid color except belL” 
hind legs, tail, and 
switch white; white 
tongue. 

No. 26015. Pedro op Linden, d 
Solid color; black tongue and switch. 


vj 

i|| 


No. 75273. Rioters Pretty 9 

Pearl. 

Solid color; black tongue and switch. 


111 

No. 1S27S9. 9 

Noha o? 

dloNMOUTH. 

Solid color, light 
tongue, black 
swtcli. 

No. 45313- d 

Lord Harry’s Hugo. 

No. 34117. Flokjans Fancy. d 
Solid color; black tongue and switch. 


< c 3 

gP 

and switch. 

No, 83743. Pride of Pioneer. 9 
Solid color except little white ou 
liclly; white tongue and black 
switch. 


A 


No, 135194. 9 

Pride of Pioneer 2D. 
Solid color, black tongue 
and switch. 

.No. 3411 7. Florians Fancy. J 
.Solid color; black tongue and switch. 

d 

03 

« 0 

r.s 


No. 83743. Pride op Pioneer. 9 
Si.lid color except little white on 
belly; white tongue and black 
switch. 


In consideration of the single -factor hypothesis for the different white 
areas the following animals are of especial interest: S, Boyle, D. Fon- 
taine 4th, S. Fontaine’s King, Rioter Pretty Belle, and Caiest. 

The sire of the dam of the father of Lakeland’s Poet is known to have 
been star. This would go to his father’s dam as a single dose. The 
chance of Mabel’s Poet 65780 carrying it would be even and of Lake- 
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land’s Poet receiving it i in 4. The only pedigrees which we have been 
able to study have shown a fair chance for the animals to carry the 
star. There is in this pedigree an apparent exception to the recessive 
quality of star, as the mating of S. Boyle (star) by D. Fontaine 4th 
(star) gave a solid-color offspring. 

Some interesting cases of the reappearance of the star after its 
disappearance in the generation may be mentioned. Taurus 
Creamelle Hengerveld mated to No, 12, the F^ exception noted above, 
gave as the result of this back cross a star. Likewise, when Cross- 
bred o (solid color carrying star) is inbred to the solid-color females 
carrying star, he gave two stars and one solid -color offspring. These Fj 
offspring would indicate a segregation of the star determiner from 
solid color, 

MARKINGS OF THR THROAT 

In cattle the white on the neck may be divided into two classes, 
according to the center of its occurrence. These are (i) a white area 
on the throat and (2) an extension of the white belt of the .withers into 
an irregular white area on the crest of the neck. This last marking is 
quite rare. In these experiments we have nothing which could be 
called this extension, and shall therefore have no opportunity to con- 
sider its behavior. The white spot on the throat a^ it appeared in the 
parents and in the offspring is given in Table XII. 


Table XII . — Behavior oj tiu; white markings on the throat in the parental and^rst filiul 
generations 


Sire. 

Description uf mating. 

Offspring. 

Taurus Creamelle Henger- 

Throat spot X solid color. . 

13 solid -j- 2 spot. 

veld. 


Do 

Throat spot Fj solid carry- 
ing white. 

I white. 

Do 

Throat spot X Fi solid 
color. 

I solid color. 

Kay an 

Solid color X throat spot , , 

3 solid color. 

Do 

Solid color X solid color. . 

1 9 solid color. 

Lakeland’s Poet 

Solid color X throat spot. , 

3 solid color. 

Do 

Solid color X solid, color . . 

Do. 

Minor crosses: 



Crossbred 0 

Fj solid carrying throat 
spot X solid color. 

^ 2 solid color. 

Do 

Fi solid carrying throat 
spot X Fi solid carrying 
throat spot. . 

I throat spot X 2 solid 
color. 

Crc»sbred 10 

F, solid color X solid color. 

I solid color. 

Lady Primrose’s Governor 

Throat spot X solid color. . 

Do. 

of the Fountain. 


Johanna Lad Manor De Kol 

do 

Do. 

Columbia's Fox 

Solid color X solid color . . 

Do. 


The conclusion to be drawn from Table XII is that the white markings 
of the throat are recessive. There are two cases where the behavior of 
the Fj offspring is doubtful: Crossbreds 6 and 20 from the same dam, 
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Maple Grove Netta, and by the same bull, Taurus Creamelle Hengerveld. 
Both animals have a throat spot similar to that of their sire. It would 
seem that Maple Grove Netta must also have this mark as a single dose. 
She is, however, ^ven as unmarked by the herd book. Unfortunately, 
the Ayrshire herd books allow the record to be made as red and white 
without giving the actual location of these marks. We can not, there- 
fore, trace definitely the white spot. The color pedigree of Maple 
Grove Netta is given to show the large amount of white in the pedigree 
and also the difficulty in tracing the throat mark (Table XIII). 


TabcE Xni . — Pedigree of Maple Grove Netia 


o# 


No. “5665.” <? 
Barcheskib May 
King. 
Imported. 

No. 

d 

No. 

d 

u 



No. 

9 


0 w 


No. 

9 

No. 

■ 

d 


« 3 ■ 
S R 

I- 




No. ' 

9 


No. " 11918." 9 
Orange Blossom 

OR n ARCHE SKIS. 

Imported. 

No. 

d 

No. 

d 


-a 



No. 

9 


I 


No. 

9 

No. 

if 

< 





No. 

9 

h 

U1 

w 

Og 

G 

No. 5389. d 

Gloucester. 

Dark red, with 
heart -shaped 
spot of white in 
forehead; small 
strip erf white 
back erf shoul- 
ders; two small 
white spots 
back of left 
shoulder; white 
on both flunks. 

No. 4227. 

George A. 'P. 
Dark red and white. 

d 

No. 2469. Glencarne, d 

Dark red; little white; white in fore- 
head; white spot on each shoulder; 
oS hip and both flanks white; 
spotted legs. 

0 

K 

0 

w 

k} 

3 



No. 4464. Queen op Avy 30. 9 

Red and white: three-dghths white; 
some white in forehead Inclosing 
red spot. 

< 

If 

No. 9358. 9 

Mai.inda B. 

No. 2083. HEBran. - 
Red and white- 

d 




forehead; white 
flank and tail. 

on 

No. 6190. Queen Lindetta. 9 

Dark red; a little white; white spot 
in forehead. 


a 0 

No. 11224. 9 

Athenia. 

Dark red and 
white; forehead 
white with two 
narrow strips of 
red iacl osed; 
spot, of white 
above left nos- 
tril; smaller 
spotaboveriiht; 

No. 4213. 

LrNWOOD. 

Dark red and wh 
white splash in f 
head. 

d 

No, 3862. Climax. 

Red and white. 

d 


a 

il 

ne- 

No. 6579. Lady Teazle. 9 

Reddish roan; V d white in forehead ; 
white strip over loin and shoulders. 


1 

No. 4541. 

Maid of Athens 
R ed and white. 

9 

No. 1961. Lord Derby. 
White and red; mostly white. 

d 

0 

6 

a 

Ik 

shoulders; both 
thighs white; 
band irf white 
across base of 
tail. 



No. 4548. Strathavbn Maid. 
Light r^ and white. 

9 


It is hard to do much with this pedigree in the way of tracing the inher- 
itance of the separate white marks. The presence of a laige number of 
them is shown as many areas carried by a single animal. 
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On the hypothesis suggested there are two cases of segregation : Taurus 
Creamelle Hengerveld with a white throat mated to No. 2 solid color 
carrying white throat gave No. 49, a white-throated offspring. Crossbred 
o when mated to Crossbred i both solid color carrying white throat 
recessiveiy produced Crossbred 25, a whiteThroated heifer. * 

MARKINGS OP IfHE SHOULDERS 

The markings occurring in the region of the shoulders may be divided 
into three categories, depending on the amount of extension of the band 
across the shoulders. The first of these is a band extending from under 
the armpits on one side across the withers to the armpits on the other 
side. The band may be broken in its lower part by pigment, so that all 
there is left is a band across the withers. This baud may be asymmet- 
rical, having a greater area on one side than the other. Unfortunately 
all of these extensions of this spot of pigment are not present in the herd. 
Attention will be confined to the presence or absence of the white mark. 
This treatment is given in Table XIV. 


Table XIV . — Behavior of the white markings on the shoulders in the parental and first 
filial generations 


UcstTiiHiou ijf mating. 


Sire. 


Taurus Creamelle Hengcr- 
veld. 

Do 

Do 

Kay an 

Do 

Do. . . .■ 

Lakeland’s Poet 

Do 

Minor crosses: 

Crossbred o 

Do 


Crossbred 10 

Lady Primrose’s Ck)vemor 
of the Fountain. 

Johanna Lad Manor De KoL 
Columbia’s Fox 


Shoulder band X solid : 
color. 

Shoulder band X Fj solid j 
carrying band. 1 

Shoulder band X Fi 
shoulder band. 

Solid color X spots on left 
shoulder. 

Solid color X shoulder 
band. 

Solid color X solid color. . . 

Solid color X shoulder 
band. 

Solid color X solid color. . . 

Fi solid canydng shoulder 
band X solid. 

Fj solid carrying shoulder 
band X h'l solid carry- 
ing shoulder band. 

Fj solid color X shoulder 
band. 

Shoulder ban^ X solid 
color. 

do 

Solid color X solid color. . . 


T spotted right shoulder, 2 
shoulder bands, ii solid 
color. 

I solid color. 

1 shoulder band. 

2 solid color. 

10 solid color. 

9 solid color. 

1 solid color. 

5 solid color. 

2 solid color. 

2 shoulder bands-|-r solid 
color. 

I solid color. 

Do. 

Do. 

Do. 


The data of Table XIV would indicate the recessive character of the 
white markings of the shoulders. On the basis of this conclusion there 
are two cases of segregation: Crossbred 0 mated to heifers known to carry 
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this mark but not showing it somatically produced two offspring with 
shoulder bands and one without it. 

There are three apparent excepTions to this recessive interpretation. 
Two bulls from Maple Grove Netta (No. 6 and 20) have shoulder bands. 
By the pedigree given in Table XIII it is shown that Maple Grove Netta 
must have been heterozygous for this mark; consequently it is not to be 
wondered at that her offspring have it when mated to a bull carrying it. 
The other case is not quite so easy to reconcile. In the pedigree given 
in Table XVI with this single-factor hypothesis there are two known 
possibilities in the fourth generation to have this factor transmitted to 
Tlying Fox’s Flora, the mother of the aberrant individual. This doe. 
not leave a great chance for her to have this factor. From her other 
breeding, how'evcr, it would look as if Flying Fox’s Flora must carry this 
white mark. 

MARKINGS OP THR RUMP 

The white markings of the rump consist chiefly of a spot whose center 
is the tail set. This spot may be extended by fusion with the patches 
having as their centers the middle of the flanks. These extensions will 
be considered as two separate spots located, respectively, on the rump 
and on the flanks. The behavior of the rump spot from the parents to 
the offspring is shown in Table XV. 


Table XX .—Behavior of the white ‘ttimkings on the rump in the parental and first filial 
generation 


Sire. 

Description of mating. 

Offspring, 

Taurus Creamelle Henger- 

Rump Spot X rump spot . . 

2 rump spots. 

veld. 



Do 

Rump spot X solid color, . 

10 solid color. 

Do 

Rump spot X Fi solid car- 

I rump spot, I solid color. 

Kayati 

rying rump spot. 

Solid color X rump spot, . . 

15 solid color. 

Do 

Solid color X solid color. . , 

7 solid color. 

Lakeland’s Poet 

Solid color X rump spot. . . 

I rump spot, 2 solid color. 

Do 

Solid color X solid color.. . 

3 solid color. 

Minor crosses: 


Crossbred 0 

b'l solid color carrying 

2 solid color. 

1)0 

rump spot X solid color, 
solid color carrying 

I rump spot. 

Crossbred 10 

rump spot X F^ solid 
color carrying rump 
spot. 

solid color carrying 

I solid color. 

Lady Primrose’s Governor 

rump spot X rump spot. 
Rump spot X solid color. . 

Do. 

of the Fountain. 


Johanna Lad Manor De Kol. 


t rump spot. 

Columbia’s Fox 

Solid color X solid color, , , 

i solid color. 


Here, also, the character of the white mark appears recessive in its 
transmission. There are, however, three exceptions to this view, if these 
should prove genetically what they appear to be somatically. The 
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exceptions are Crossbreds ii, 14, 35, and require for their production 
that the animals Lakeland’s Poet and Flying Fox’s Flora be heterozy- 
gous for the factor producing this white spot. 

The single case of this white in the pedigree makes it hard to believe 
that Flying Fox’s Flora carries this mark, even though her Wo offspring 
do show it somatically. The case of Lakeland’s Poet is not quite so 
bad, as in his pedigree there are two animals, S. Fontaine’s King and 
Rioter’s Pretty. Bell, which have their tails recorded as white. Since 
the tail set is the common center for the rump spot, it is probable that 
these animals have this spot (Table XVI). 


I'ATir.K XVI . — Pedigree of Flying Fox's Flora 


ot 

s 


N'o. 61441. J 

ClIAMJ'ION Fi<Y[NG 

Fox. 

Solid color, except 
white on bris- 
ket; white tip 
to black tongne; 
black switch. 

No. P. S. 2160. d 

CoLoiiN Fern's Dad. 
Wliite sjwt on forehead 
and withers; tongue 
and switch white. 

No. ISS9. Boyle. _ d 

Brown and white; white on forehead; 
tail and tongue wliite. 


A 

No. 47ir. Golden Fern- . 9 

Dark fawn; solid color; black tail. 


0 1 
> 3 

No. 149740- 9 

Sultana’s Rosette. 
Solid color; black tongue 
and switch. 

No. P. S. 797. Sara BOND. d 

Dark brown; two white specks on 
lore fetlocks; tail black and white. 


.«> a 

X 2 


No. P. S. 2128. Rosette ath. 9 
Gray; white on right hip; tail black; 
dappled under barrel. 


i 2 

^ 0 

No.F,S.88ot. 9 
DuLcit Oak- 

No. S 

No. d 


1 ^ 

LAND* 

Solid color; black 
tongue and 


No. 9 



No- 9 

No. d 

q 

1 



No. 9 

■ji 

y, 

0 

Ko. 41000. o' 

Don 0? Hobo 
F.\rm, 

Solid color; black 
tongue and 
switch. 

No. 30212. d 

Peuko Signal Lano- 

No. 9033. Young Pedro. d 

Solid color; black tongue and switch. 

0 

1 

1 


SEER. 

Solid color; black tongue 
and switch. 

No. 60-S9. Signal Mine 2D. 9 

Silid color; black tongue and switch. 

1? 
i ri 
! " 

A 

1 

Nil. f*2426. 9 

DONNEY POGIS 2D. 
Solid color; black tongue 
and switch- 

No. 23015. 'Pennes-see’s d 

LaND-SEER. 

Few white hairs on left shoulder; 
small white spot on right flank; 
white ankles, tongue, and switch. 


a 

i i 

i 1 



No. 38907. Donney Pogis. 9 

Solid color; black tongue and switch. 


No. 124651. 9 

Rlonde Briggs. 
Solid color; black 
tongue and 
switch. 

No. 26930. d 

Ohm or St. Lambert. 
Solid color: black tongue 
and switch. 

No. 18453. Columbine's John d 
Bull. 

Solid color; black tongue and switch. 


No. 48577. Miss C.\RO Pogis. 9 
Solid color; black tongue and switch. 

i 

1 

1 1 
i j 


No. 67695- 9 

D.ancor Maid. 
Solid color, except wliite 
on belly, brisket; 
mixed switch; black 
tongue. 

No- 21455. Fauntleroy. d 

Some white on bri.5ket: small white 
spot on each flank; white tongue; 
black switch. 

1 

1 


No. 55505. Buna’s First. 9 

Solid color, except white spot on each 
stiffle and flank; white tongue; 
black switch. 


The white shoulder marks of Golden Fern's Lad and Tennessee’s 
Landseer are of interest in connection with the inheritance of this white. 
The presence of white spots on the hips of Rosette 4th is of interest, 
78773«— 18 3 
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ance this appears to be the only animal known to four generations 
which could transmit this white to Flying Fox's Flora. Tennessee's 
Tandseer, Fauntleroy, and Kuna’s First have white marks on the flanks. 
In connection with the development of the separate factor argument 
for the individual white spot, the animals Bangor Maid, Boyle, and 
Sarabond are of interest. 


MARKINGS PLANK 

Markings on the flanks of dairy cattle generally consist rather of 
extension areas from the white on the legs than they do of definitely 
centered spots. However, from the evidence brought forward by 
Allen (t) it would appear that this is a definite area. It consequently 
will be treated as such. Table XVII gives such treatment of the paren- 
tal and Fi generation. 


Table XVII . — Behavior of ike white vmrkings on ike flanks in ike parental and first 
filial generation 


Sire. 

Description o( matine. 

OSspriag. 

Taurus Creamelle Henger- 

Spotted left flank X solid 

3 spotted, 10 solid color. 

veld. 

color. 




bo 

Spotted X Fi solid color 

I spotted. 

Do 

carrying spotted. 

Do. 

Kayan 

Solid color X solid color . . ' 

1 9 solid color. 

Do 

Solid color X spotted { 

13 solid color. 

Dakeland's Poet 

flanks. 

Solid color X spotted 

3 solid, I left flank spotted. 

Do 

flanks. 

Solid color X solid color. . 

3 solid color. 

Minor crosses: 

Crossbred o 

solid color carrying 

spotted flanks X Fi spot- ! 
ted flank. 

F^ solid color carrying 

spotted flanks X solid, i 

Fi solid color carjy^ing 1 

spotted flanks X Fi j 
spotted flanks carrying ! 
solid color. 

F, solid color carryong 

2 spotted flanks. 

1 

Do .J 

1 2 solid color. 

Do ! 

i 

I solid color. 

Crossbred lo 

1 

Do. 

Dady Primmse’s Governor 

spotted flanks X spot- 
ted flanks. 

Spotted flanks X solid 

Do. 

of the Fountain. 

color. . 


Johanna Lad Manor de Kol. 
Columbia’s Fox 

do 

Solid color X solid color . . 

I spotted right flank. 

I solid color. 


Here, again, the white areas are generally suppressed in the offspring 
when an animal bearing them is crossed to a solid-color animal. There 
are six cases apparently at variance with this conclusion. Five of them 
may be easily seen by their pedigrees to have had an animal carrying the 
mark so close that either the aberrant parent would be heterozygous or 
dse had an even chance for a single dose of the factor. Of the four 
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exceptions from Taurus Creamelle Hengervdd, two (Nos. 6 and 20) are 
from Maple Grove Netta. The pedigree of this animal given above 
shows that she must be heterozygous for this mark on a single -factor 
hypothesis. No. 14 by the same bull from Flying Fox’s Flora is also an 
exception. In this case the parent expected to transmit ^his mark is in 
the second generation. The same is also true for the case of the two 
exceptions from lakeland’s Poet, for the parent carrying this mark is 
also in the second generation. It is interesting in this connection to 
compare the size, shape, and position of the flank markings of a daughter 
of Lakeland’s Poet with the flank markings of her offspring from a straight 
F2 generation. It will be noted that they are almost identical. 

The remaining case is that of No. 3 from Johanna Lad Manor De Kol 
and Flora’s Golden Poetess. The solid-color parent, Flora’s Golden 
Poetess, has a white-flanked grandfather (Mabel’s Poet) and granddam 
(Imp. Lady Grandiflora). It is not strange, thenj that she should carry 
white for the flank. 

MARKINGS OP THE TAIL 


Table XVIII . — Behavior of the white markings on the tail in the parental and first filial 
generations 


Sire. 

Description mating. 

Offsprine, 

Taurus Creamelle Henger- 

Lower half white X comer 

2 half white. 

veld. 

half white. 


Do 

Lower half white X solid 

3 lower half white, 9 solid 


color. 

color. 

Do 

Lower half white X F i 
lower half white. 

2 lower half white. 

Kayan 

Solid color X upper half 

3 solid color. 

Do 

Solid color X lower half 
white. 

II solid color. 

Do 

.Solid color X solid color . . . 

8 solid color. 

Lakeland’s Poet 

Solid color X lower half 

I lower half white, i solid 


white. 

color. 

Do 

Minor crosses : 

Solid color X solid color . . . 

3 solid color. 

Crossbred 0 

Solid color carrying lower 
half white X solid color. 

2 solid color. 

Do 

Solid color carrying lower 
half white X F 1 solid 
color carrying half w^hite. 

2 half white -f i solid color. 

Crossbred ro 

Solid color X lower half 
white. 

I solid color. 

Lady Primrose’s Governor 

Lower half white X solid 

Do. 

of the Fountain. 

color. 


Johanna Lad Manor De Kol . . 
Columoia’s Fox 

do 

Do. 

Solid color X solid color . . . 

Do. 


The markings of the tail may be divided into four general groups: In 
the first only the switch is white; in the second the hair just above the 
switch is white; in the third group about half the tail is white; and in the 
fourth group the whole tail is white. Much observation of the switch 
and tail colors in cattle has led to the view that the color of the hair in 
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the switch is separate in its behavior from the rest of the tail. These areas 
will be studied separately. The cases of the ring just above the switch 
and of the whole tail white will not be studied, as these marks are not 
present in the herd. The choice of the broad quantitative group lies in 
a study of thelength of those white areas. The length of the white area 
on the tail was measured and found to be between one-third and one-half 
the total length of the tail. The data have been considered on the basis 
of this and made two qualitative groupings: (i) half white and (2) solid 
color (Table XVIII). 

Table XIX. — Pedigree of Lassie of M. F. 


0 

^3 

No. S5SS2. S 

Hood Farm 
POG rg gTH. 
Solid color, black 
tongue and 

switeb. 

No. 40684- t? 

Hood Farm Pogis. 
Solid color, black tongue 
and switch- 

No. 17165. Oonan’s Pogis. cf 

iMlid color, black tongue and switch. 



No- 60738. Kathletta’s Fancv, 9 
Sobd color, black tongue and switch. 


s| 

No. 76106. 9 

Figgis. 

Brisket, armpits, belly, 
and hind stockings 
white; white on right 
(oreanklc and left fore- 
leg; dark hairs in 
white switch. 

No. 20883. Sophie’s Tormentor. J 
Star; brisket .and left stifle white; 
white on flanks, belly, forefeet, and 
hindlegs; white switch. 


§1 
ffi a 


No. 48326. Birdsey's Surprise. 9 
Belly and hind legs white; black and 
white switch; black tongue. 


0.^ 

u 

No. 198780, 9 

Bulle via OF 
Hood Farm. 

Solid color, black 
tongue and 
switch. 

No. 64268. (T 

Hood Farm Golden 
Lad. 

Solid color, black tongue 
and switch. 

No. 57788. Financial King. 

Solid color, dark tongue and switch. 


ol 

No. 114438. Silent. 9 

Solid color, black tongue and switch. 

% 

P'2 

No. 180932. 9 

Tonoma 22D op Hood 
Farm. 

Solid color, black tongue 
and switch. 

No. 23204- Torono, S 

Star; white stifle; flanks, belly, right 
forearm, fore pasterns, and hind 
legs, half of tail and switch whita. 

u 

0 

1 


No. J47794. OciNAN mth of 9 

Hood Farm. 

Solid color, black tongue and switch. 

s 

w 

M 

< 

1 - 

No, 80437. 

Hood Farm Gol- 
den Fern's Lad, 
Solid color, black 
tongue and 
switch. ^ 

No. 65300. ti 

Imp. Golden Fern’s 
. Lad. 

Star; white on stifles 
and right flank; streak 
on left flank/ little on 
belly and legs; white 
tongue and switch. 

No. P. S. 15,59. _ Boyle, d* 

Brown and white spot on forehead, 
tail, and white tongue. 


X 

il 

1 No. P.S. 4711. Golden Fern. 9 
j Dark fawn; solid color; black tail. 


<•2 


No, is'iVsS. 9 

Scot's Belle. 

No. P. S. 2153. Great Scot. ef 
Gray-brown; solid color. 


■ li 


and switch- 

No. P. S; S43r- PaLLUS. 9 

1 Gray; solid color; tongue and tail 
black. 


U 

No. 212614, 9 

Belle 2ist of 
Hood Farm. 

No. G4268. J 

Hood Farm Golden 

I AD. 

No. J 


c J 

0^ 

0 V 

See above. 

No. 9 


1 

1 


No. 184981- 9 

Hood Farm Pride, 
Solid color, black tongue 
and switch. 

No. 56742. Oscar of Maple- d* 

CROFT. 

Solid color, black tail and tongue. 

0 


No, luiTJ- Emma Hotchkiss. 9 
Solid Color; white tongue; black 
switch, 


The general conclusion from these data is that white on the tail is 
generally suppressed in the offspring when the animal bearing it is 
crossed with a solid-color animal. In this, also, there are sometof the 
same irregularly behaving individuals which appeared in the previous 
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studies. Of the offspring of Taurus Creamelle Hengerveld, No. 14, 16, 
and 50 behave in contradiction to expectation. Of these the anomalous 
parents of No. 14 and 46 are available for study. The same difficulty 
of reconciling the behavior of No. 14 with expectation is experienced as 
in the preceding case. -There are only three parents up to the fifth 
generation which carry the white. 

It will be noted from the color pedigree of Lassie of M. F. that the 
chance of her carrying white for the legs is good, since two parents, 
Figgis and Imp. Golden Ferris Lad, both had these marks. The same is 
also true for markings on the tail (Table XIX). 

The case of Lassie of M, F. is much better, as she had both of her 
grandfathers carrying the factor. The other exception is that of No. 1 1 
by Lakeland’s Poet. It will be noted in the previous pedigree that 
there is a good chance for this animal to carry the factor for a white 
tail, as the description indicates that this mark is carried by his father. 

MARKINGS OP THIJ B^LLY 


TabLiS XX . — Behavior of ike while markings on the belly in the parental and first filial 
generations 


Sire, 

! Description of mating. 

Offspring. 

Taurus Creamelle Henger- 
veld. 

All white X inguinal spot. 

2 all white -f i solid color 
+ I inguinal spot. 

Do 

A 1 1 wh ite X fore part 
white. 

2 ail white. 

Do 



Do 

All white X solid color. . . 

5 all white -h i solid color. 

Do 

All white X Fi all white. . 
Inguinal spot X all white . . 

2 all white. 

Kayan 

7 inguinal spot, 2 belly 
white to navel, 2 belly 
all white, solid color. 

Do 

Inguinal spot X solid color. 

‘ 4 inguinal spot, 4 solid 
* color. 

Lakeland’s Poet 

Solid colorXingumal spot. 

I I inguinal spot. 

Do 

Solid color X all white, . . . 

; 3 ali white. 

Do 

Solid color X solid color . 

2 solid color. 

Minor crosses: 



Crossbred 0 

Fore and hind part white : 
carrying solid color X 
solid color. 

Do. 

Do 

Fore and hind part white 
carrying solid color X 
all white. 

1 I all white + i solid color 

1 -f I half white. 

Crossbred ro 

Spot in inguinal region X 
all W'hite. 

I solid color. 

Lady Primrose’s Governor 

All white X solid color. . . 

Do. 

of the Fountain. 


Johanna Lad Manor De Kol . . 

do 

I all white. 

Columbia’s Fox 

Solid color X solid color. , 

1 inguinal spot. 


White on the belly takes a variety of patterns, depending largely on 
the method of extension of these areas. The primary area, if it may 
be spoSen of as ’such, is a white spot in the region of the udder. This 
is practically always present when any of the other extensions toward 
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the brisket are present. Since the data on the extension areas are 
rather litnited, it has been deemed well to consider only this inguinal 
spot and leave the extension factors for future study (Table XX). 

It is obvioys at a glance that this white on the belly behaves quite 
differently from the white markings on the -rest of the body. The 
general conclusion to be drawn from a study of Table XX is that white 
in the region of the udder behaves as if it were a dominant. There is 
unfortunately one real exception to this, in that No. 13 has a white 
throat .and inguinal spot, when his parents are both solid color. Tor 
the case it must be said that the description of the parent, Columbia's 
Fox, had to be taken from the herd book, as this animal was sold without 
description. It is quite probable that a small white spot would escape 
the one making the record for registry, so that when it is possible to 
check this case it may be that the required spots will be found. 

Should the interpretation of a dominant for this case be correct, the 
expectation and realization for the^various classes would be as follows: 

Inguinal spot X inguinal spot = 3 spots to i solid color. The actual 
figures obtained are 21 to 6. Inguinal spot X solid color would be 
expected to give i to i ; the experimental results obtained are 10 to 8. 

WIIITU M.^RKINGS OF THE 1.EGS 

The markings of the legs may be divided into four general classes: 
(i) Animals which are solid color; (2) animals with a white ring on the 
coronet and extending a short distance above it; (3) the further exten- 
sion of this white into a white sock ; and (4) its still further extension 
into a white stocking. There are other markings, but these are the most 
common and will be the only ones considered. 

Table XXI . — Behavior of the vuhite markings on Uie kgs in the parental and first filial 
generations 

left foreleg 


Sire. 


Descriptioa of inatiug. 


Offsprinc. 


Taurus Creamclle HenKerveld . 

Do 

Do 

Do 

Do 

Kayan 

Do 

Do 

Lakeland’s Poet 


Minor crosses; 
Crossbred o. 

Do 


Slioi l stockiagXlcraB stocking. 

Short stocking X short stocking , . , , 

Short stockingXsolid color 

Short stockineXFi long stocking. . 
Short stockingX Fi short stocking . 

Solid color Xiong stocking 

Solid colorXshort stocking 

Solid color X solid color 

do 

Solid colorXlongstodting 

Solid color carrying whiteXsolid 
color. 

Solid color carrying whiteXsolid 
color carrying white. 


3 long stockings. 

X short stocking. 

1 short, 10 solid color. 

I long rtocking. 

I short stocking. 

10 solid color. 

3 sotidcolor. 

I a solid color. 

3 solid color. 

3 solid color + 1 long stocking. 
a solid color. 

I spot atx)ve knee 4 - 1 small white 
spot on coronct+i short stock- 


Crossbred la 

I.ady Primrose’s Governor of the 
Fountahi. 

Johanna Lad Manor De Xol 

Coltunbia's Fox 


Solid color carrying whiteXsolid 
color. 

Long stocking Xsolid color. 

.do 

Solid colorXsolid color 


tng. 

j solid color. 
Do. 

Do.* 

Do. 
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Tabi^R XXI.— 'Beftavwr of the white markings on the legs in ike parental and first filial 
generaHons—OcmimVi^d 

RIGHT POREI.EO 


Sire. 


Cawus Creamelle HenKervcld. 

Do 

Do 

Do 

Do 

Kayan 

Do 

Do 

Iceland’s Poet 

Do 

Minor crosses; 

Crossbred o 

Do 


Crossbred lo 

Lady Primrose's Governor of the 
Fountain. 

Johanna Lad Manor De Kol 

Columbia’s Fox 


Description of matins. 


Longstockinf^Xlong stackings, . , , 
Long stockings X short stockings. . 

Ivong stock in gsX solid color 

Long stockingsXFi long stockings. 
Long stockingsX Fi short stockings 

Solid colorXsolid color. 

Solid colorXshort stockings 

Solid colorXIong stockings 

Solid colorXsolid color 

Solid colorXlong stockings 

Solid color carrying white stock- 
ingsXsolid color. 

Solid color carrying white stock- 
ingsXsolid color carrying white 
stockings. 

Solid color carrying short stockings 
Xsolid color. 

White stockingsX solid color 

Long white stockings Xsolid color . 
Solid colorXsolid color. , ■ 


O^spring. 


i long stocking. 

I short stocking. 

IQ solid color, i short stocking. 

1 long stocking. 

Do. 

12 sohd color. 

2 solid color, 

8 solid color. 

3 soM color. 

2 suhd color, 1 long stocking. 

2 solid color. 

I white stocking+i white spot 
above knee+r white on cor* 
onet. 

I solid color. 

Do' 

Do. 

Do. • 


LEFT HINDEEG 


Taurus Creamelle Hengeiveld. 

Do 

Do 

Do 

Do 

Kayan 

Do 

Lakeland’s Poet 

Do 

Ihlinor crosses; 

Crossbred o 

Do 

Crossbred lo 

Lady Primrose's Governor of the 
Fountain. 

Johanna Lad Manor Dc tCol 

Columbia's Fox 


' Long white stocking xFi short 
I stocking. 

Long white stockingXFi long 
Stocking. 

Long white stockingXlOQg white. , 

LongwhitestockingXsolid color. , . 

Long white s locking X short stock- 
iuR. 

Solid colorXlong white stocking 

Solid colorXlong stocking 

Solid colorXsolid color 

Sohd colorXlong stockings 

Solid color carrying whiteXsolid 
color. 

Solid color carrying whiteXsolid 
color carrying white. 

Solid color carrying whiteXsolid 
color. 

Long stockingsX solid color 

. , ..do 

Spot on thighXsolid color 


I long white stocking. 

Do. 

3 long white stockings. 

7 solid color, i long white, 3 short. 
1 short stocking. 

jj solid color. 

10 solid color. 

3 solid color. 

1 spot on thigh, 2 solid otlor. 

I solid color, 

1 long stocking, 1 small whitS 
spot above coronet. 

I solid color. 

Do. 

I short stocking. 

I solid color. 


RIGHT HINDLEG 


Taurus Creamelle Hengerveid . 
Do 


Long white stockings Xiong white 
stackings. 

LongwhitestockingsXsolid color. . 


Do 

Kayan 

Do 

Lakeland’s Poet. 

. Do 

Minor crosses; 
Crossbred 0, . 

Do 


Cros^red xo 

Lady Primrose’s Governor of the 
Fountain. 

Johanna Lfd Manor De Kol o 

Columbia’s Fox 


Long white stodcmgsXFi long 
white stockings. 

Solid color Xsolid ctilor 

Solid colorXlong white stockings. .. 

Solid colorXsolid color 

Solid colorXlong white stockings. . . 

Solid solor carrying white stock* 
ings Xsolid color. 

Solid color carrying white stock- 
ingsX solid color carrying white 
stockings. 

Solid color carrying white stock- 
ings Xsolid color. 

Long white stockings X solid color . . 

do 

Solid colorXsolid color 


3 long white stockings. 

4 short stockings, 2 long white 
stockings, j solid color. 

2 long white stockings. 

10 solid color. 

12 solid color. 

3 solid cfdor. 

2 solid color, i white spot on flank . 
2 solid color. 

I long white stoddng+3 soSd 
color. 

1 solid color. 

Do. 

Do. 

Do. 
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From unpublished data collected by Dr. A. H. Sturtevant, of Columbia; 
and the writer on horses it’ was shown that the frequency of white on a 
given leg was markedly different. The order of appearance is left hind, 
right hind, left fore, and right fore. This conclusion agrees with what 
Brewer (rr) had already published in 1882, unknown to us, as to the 
frequency of these marks. It has seemed, therefore, that in this study 
the individual leg markings should be treated separately (Table XXI). 

Table XXII. — Pedigree of Flora's Golden Poetess 






No. 65780, ^ 

Some white on 
brisket; speck 
on Icit side 
belly and patch 
on belly near 
left flank; black 
tongue and 
switch. 


No. 195762. 9 

jFOMTAINS’SBROWTjj 

Daisy. 

Solid color, black 


switdi. 


and 


No. P. S. 2591. d 
C-URST. 

white under chest; lore 
legs, switeb white. 


No, P. 8,631 r. 9 
Mabri. SsTH. 
Solid color, red muzzle. 


No. P. S. 2591. 

Cairst. 
See above. 


No. 2207. S. EoOTADtB’SKjNC. 
White on. each stifle; tail and tongue 
white. 


No, 3582. B, Ox?oRo Lass. 9 
White across withers; tongue black; 
tail white. 


No. 1559. S. Boylb, (f 

White spot on forehead; tail and 
tongtie white. 


No. 3213. D.MABRt,23D. 9 

Ton^ie and tail black; dappled on 
chine. 


No. 


No. P. S. 6325. 9 I No. 1690. S. Marion. 

Browny's Beauty. | Solid color, black tongue and switch. 

Tongue and switch i 

black. i No. F. S. 7623. D. Beauty 9 


i Black points. 


Browny. 


No. 64708. <? 

Flying- Fox’s 
Victor. 

Solid color, black 


No. 61441. d* 

Ca.AJtPioN Flying Fox. 
Solid color, except white 
on brisket; white tip 
to black tongue; black 
switch. 


No. F. S. 8801. 9 

Dulch of Oakland. 
Solid color, black tongue 
and switch. 




, No. I73S»8. 9 

,IMP. Lady Grandi- 
FLORA. 

Spot on left hip; 
white on right 
stifle and hind 
fetlocks; black 
tongue and 
switch. 


No. 52915. d 

Mona’s Glory. 
Solid color. black tongue 
and switch. 


No. 165772. 9 

Lady Grandiflora. 
Solid color , black tongue 
and switeb- 


No. P S. 2160. Golden Fern’s 
Lad. 

White spot on fordiead and withers; 
tongue and switch black. 


No. 149740. Sultana’s Rosettb. 9 
Solid color, black tongue and switch. 


No. P. S. 1242. Golden Lad. <? 
Solid color, tongue and switch black. 


No, r. S. 3983. Mona Sts. 9 
Spots in forehead; tail white; white 
patch on each stifle. 


No. 1242. Golden Lad, _ cf 
Solid color, black tongue and switch. 


No, F. S. 6407. GR.tNDlFLORA. 9 
Solid color, tail and tongue black. 


The general conclusion is that these white areas are generally sup- 
pressed in the offspring when the animal bearing them is crossed to a 
solid-color animal. Should this be interpreted as being due to a single 
recessive factor, several of the experimental animals have white markings 
against this interpretation. Two of these animals are anomolous to this 
in every foot. These are Crossbreds 1 1 and 35. Study of the pedigree 
of lAkdand’s Poet, the sire of these animals, shows that he had a good 
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chance to carry this white, as his mother, Noja of Monmouth 11 , had 
white ankles and a white knee, and his grandfather, Caiest, had four 
white feet. The case of Tlying Fox’s Flora is not so clear. The only 
ancestor in the four generations of her pedigree who carried white feet 
is Tennessee's Landseer. The chances of her carrying factors for the 
production of. these feet derived from this animal are small, as the 
animal bearing such marks is in the fourth generation. 

It will be noted that the hind feet have more ejcceptions than the 
fore feet. Three of these females exceptional in the left hind foot are 
also exceptions in the right Ipnd foot. These three exceptions are 
Lassie of M. F., Eventime 4th, and Hearth bloom. Only one of these 
animals, Lassie of M. F., is available for study. The chance of her 
carrying white is rather good, as she has two ancestors in the third 
generation who could' transmit this to her. The other exceptions are 
Flora’s Golden Poetess, with offspring having white on the left hind 
feet; Columbia's Brown Bessie, and Orono Ellen, with offspring with 
white on the right hind feet. The chance of Flora’s Golden Poetess 
carrying the white seems good from the above pedigree. Caiest in the 
third generation and Imp. Lady Grandiflora both carry white. Thig 
makes it certain that the mother and the two grandparents on the 
father's side each has one dose of the factor (Table XXII), The case 
is even stronger for Columbia’s Brown Bessie, as in her ancestry both 
of her grandmothers have white feet. In fact, the wonder is why she 
did not transmit more white to her offspring. 

Summary 01^ Evidence on the Separate Inheritance op White Markings 

A general summary of the behavior of the white markings just studied 
seems necessary for a clear understanding of the conclusions based on 
this study and their bearing on the general problem of coat-color inherit- 
ance. As has been previously pointed out, the limiting of the study to 
individual spots attacks the problem in an entirely novel way. Such 
analysis is made necessary because of the peculiar ratios which have 
been obtained in other studies of coat color, such as those made in the 
Shorthorns. In the study of the roan coat of this breed about the only 
thing which the results of Wilson (49-36), Laughlin (19), Wentworth 
(44,45), Barrington and Pearson (6), and Walther {43) have in common, 
are exceptions which each found to the interpretations offered by the 
other writers. A beginning at a solution of these exceptions has been 
made by the excellent review of the writings of Storer, Wilsdorf, and 
others on white body color by Lloyd-Joncs and Eward (20). In this 
review they show that two types of identical white body with colored 
ears exist. In the Chillingham cattle this white is dominant. In the 
Highland cattle it is recessive. 

This does not quite fit the case of the roan Shorthorn, for, while the 
presence of these two genetically different whites would complicate the 
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results, it is entirely lik^y that their presence would be noted because 
the pattern of each is so striking. It does remain to be shown rather 
that the piebald cattle, like the Shorthorn, have a difference in behavior 
of the separate spots which compose this piebald. A beginning at this 
kind of analysis has been made by Kiesel, according to a review by I^ng 
{i 8 ). In these experiments a solid-color Limburger race was crossed to 
a piebald race, intermediate piebald. The back cross gave 22 solid 
color and 29 piebald. The back cross to the piebald gave 84 piebald out 
of 90. Unfortunately, no record of the exact spotting has been given; 
consequently, we are left in the dark conQeming any difference in behavior 
throughout the coat. It would seem, however, that Kiesel’s results 
would fall in line with the results obtained here, where each individual 
area is treated separately. 

Analysis by the method of individual white spots has shown a marked 
difference in the inheritance of such spots throughout the animal's coat. 
This is perhaps as far as the writer should go, and is the only conclusion 
it is intended to emphasize; but realizing that there are exceptions not 
yet accounted for, it may be said that white spotting in the inguinal 
region is, broadly speaking, dominant. The spots of the rest of the pie- 
bald pattern are, individually considered, recessive. These enumerated 
individually according to the region in which they occur are (1) white on 
the face (star, star snip, or blaze) (2) white on the throat ; (3) white as 
a band across the shoulders; (4) a white area on the rump at the base of 
the tail set; (5) white on the flanks as irregular spots; (6) white on the 
tml above the switch ; and (7) the white stockings on the four feet. 

The bearing of this difference in inherited behavior on the general 
problem is at once evident. If the red-coated Shorthorns should carry 
one of these recessive white spots, we should expect a small proportion 
of cattle produced from the random mating of such an animal in the 
Shorthorn population which would be white-spotted. In point of fact, 
this is what has actually been obtained. The reverse is also true that if 
these dominant white are mated together, we should expect that a het- 
erozygous mating would now and then take place, giving a red. The 
evidence brought forward offers a straightforward, clear explanation of 
the anomolous behavior of the Shorthorn coat. 

Behavior op the Muzzle Color in the F, Progeny 

The categories used to describe the color of the muzzle pigment are, 
in general, the same as those used for the tongue color. The tabulation 
and classification of these terms has already been given by Pearl (55). 
For this classification the reader is referred to his paper. In his study of 
tongue color it was found that the essential thing was not so much the 
color of the pigment but rather its presence. This study will, therefore, 
be limited to the presence or absence of pigment. Table XXI II gives 
the tabulated data for this treatment. 
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Table 'KXlll.— Behavior of the muzzle pigment in the parental and first filial generations 


Sire. 


Description of mating. 


OSspring. 


Taurus Creamelle Henger- 
veld. 

Do 

Kay an 

Do 

Do •. 

Do , 

Lakeland’s Poet 

Do 

Minor crosses: 

Crossbred o 

Do 

Crossbred 10 

Lady Primrose’s Governor 
of the Fountain. 


White X pigmented 

White X Fi, pigmented carrying 
white. 

Pigmented X pigmented 

pigmented X white 

Pigmented X pigmented and white. . . 

Pigmented X white, few pigmented 
spots. 

Pigmented X pigmented. 

Pigmented X pigmented, spotted 

Fi pigmented carrying white Xpig- 
mented. 

Fi pigmented canying whiteXpig' 
mented carrying white. 

pigmented carrying whiteXwhite, 
few black spots. 

White Xpigniented 


13 pigmented. 

I white with small 
black spots. 

13 pigmented. 

3 pigmented. 

Do. 

I pigmented. 

5 pigmented. 

1 pigmented. 

2 pigmented. 

3 pigmented. 

I smoky brown. 

I pigmented. 


The conclusion to be drawn from Table XXIII is that the pigmented 
muzzle is dominant to the nonpigmented one. 


Behavior oE the Tongue Pigment in the F, Oeespring 

The inheritance of tongue color in cattle has already been studied in 
this laboratory. The previous study on several thousand cattle indicates 
that pigmentation is due to two closely coupled factors. The data here 
are not sufficient to test this hypothesis thoroughly. As far as it goes, 
Table XXIV substantiates the previous conclusions. 


Table XXIV .—Bekaviar of the tongue pigment in the parental and first filial generation 


_^L 


Description of mating. 


Taurus Creamelle Henger- i WTiiteX pigmented 

veld. I 

Do ! WhiteXwhite 

Do White XF, white 

Kayan PigmentedX pigmented. , 

Do PigmentedXwhite 

Lakeland’s Poet Pigmented Xpigmeiitcd. 

Do PigmentedXwhite 


Minor crosses: 
Crossbred 0. 


Do. 


Do 

Crossbred 10 

Lady Primrose’s Governor 
of the Fountain. 
Columbia’s Fox 


Pigmented carrying white X pig- 
mented. 

Pigmented carding white X pig- 
mented carrying white. 

Pigmented carrying whiteXwhite^.. 
F, pigmented carrying whiteXwhite 
\WiiteX pigmented 

Pigmented X pigmented 


6 pigmented, i 
black and white. 

1 white. 

2 wliite. 

6 pigmented. 

10 pigmented, 3 
black and white. 

3 pigmented. 

3 white, I pig- 
mented. 

2 pigmented. 

2 white. 

I white. 

Do. 

I pigmented. 

Do. 
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Pigmented is dominant to unpigmented tongue. Lakeland's Poet 
seems to contradict this but a study of his pedigree given above shows 
him heterozygous for the unpigmented tongue. 

ImiivRirANCE OP Switch Color 

All of the crosses available for study in this experiment have either 
one or both of the parents with a black switch. It is impossible* there- 
fore, to determine the dominance of the other colors to each other. Black 
as a color is dominant to the other colors (Table XXV). 


Table XXV . — Behavior of the switch color in the parental and first filial generations 


Sire. 

Description of mating. 

Offspring, 

Taurus Creamelle Heng^er* 

WhiteXblack 

r black, 2 w'hite, 2 black 

veld. 


and white. 

Do 

: White X white 

2 white, I white with few 



black hairs. 

Do 

WhiteXblack, few gray 

2 white, I white tip and i 


1 hairs. 

black. 

Do 

j VHiiteXFj white 

2 white. 

Kayan 

Black, few white hairs X 

5 black. 


1 black. 

Do 

Black, few white hairs X 

10 black, I blackXwhite. 


i white. 


Do 

Black, few white hairsX 

3 black. 


mixed red, black, gray. 


lakeland’s Poet 

Black Xwhite 

I black, I blackXwhite, 1 



black, few white hairs. 

Do 

Black X black, few white ' 

3 black. 


hairs. 


Minor crosses: 

j 


Crossbred 0 

Black carrying white X 

2 black. 


black. 


Do 

^lack carrying whiteX 

I white. 


black carrying white. 


Do 

Black canying white X 
black and white. 

Do. 

Do 

Black carrying white X 

1 black. 


white. 


Crossbred 10 

do 

I red. 

Lady Primrose’s Governor 

WhiteXblack, few white 

I black. 

of the Fountain. 

hairs. 


Johanna Lad Manor De Kol . 

WhiteXbrown 

I black and white. 

Columbia's Fox 

BlackXblack, few white 

r black. 


hairs. 



The apparent exceptions to this conclusion are shown by their pedigrees 
and their other breeding records to be heterozygous for the white factor. 

Two interesting cases of segregation appear in the generation. A 
white switch resulted from mating Crossbred o (black carrying white) 
to an F3 cow (black carrying white). Another case of segregation of 
perhaps more interest than the above is that from Crossbred 10 (black 
carrying white X white). This mating gave an‘orange-red~that is, the 
ground color of the Guernsey minus its diluting factor has been substi- 
tuted for the white of the parent. * 
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SEGREGATION OE THE POELEG CHARACTER 

In his interesting review of the literature on domestic cattle and their 
origin Morse (25) and others (5) give briefly the theories as to hornless 
cattle (47). The different views held all go back to theYwnception of use 
in selection to account for the loss of horns. Durst {14) and Ewart (ij) 
take the ground that domestication has brought about the loss of horns. 

Auld (4) considers that a reduction in the horns took place in between 
the upper Eocene and lower Miocene period. Contradictory to this, 
Arenander (2) says the first cattle were hornless. Major (aj) found 
skulls in the tertiary deposits in Italy the males of which were horned 
and the females hornless. Thv^ he considers a progressive extension of 
this would bring about the hornless race. This is something of the idea 
of Keller (id), when he cites the African cattle with movable horns to 
be ancestors of the hornless animals. 

Based on rough notes collected at the Smithfield Club, Bateson and 
Saunders (7, S) treated these data on the homed character in cattle as 
if it were a single Mendelian factor and conclude that the presence and 
absence of horns are almost certainly allelomorphic characters. Eurther 
data collected by Spillman (41) on 165 cases led him to conclude that 
polledness is a simple Mendelian dominant. Boyd (ro) has given later 
data on polledness in his cross of mutant polled Herefords onto pure 
horned Herefords and in his crosses of polled cows to the American 
bison. In both of these the polled character is dominant. In one of 
his bulls, Variation, he thinks he gets a significant difference from the 
expected ratio of i to 1. Thus, in crosses of Variation with pure homed 
cows he obtains 22 polled to 6 homed, or a difference from the expected 
14 to 14 of 3.1 times the probable error of the theoretical half, or what 
might seem a significant difference. Lloyd-Jones and Evvard (20) 
have added materially to the data already presented, In 71 matings 
of Shorthorn bulls to Galloway cows 70 were clear-polled, 6 scurred, 
and 2 horned. This would seem to indicate that the polled factor is 
dominant. By this view the two homed heifers are exceptions to this 
conclusion. On this point, however, it seems well to quote them, as it 
appears to the author that the explanation they offer is correct. In 
reference to the dams of these horned heifers, they say (20, p. looa): 

The cou-s 154 and 49 are referred to as “p-ure-bred Galloway,” but tlieir behavior 
in respect to tlie transmission of horns is not in. harmony \rith what we should be 
justified in expecting if this were tlie case, Of all the polled breeds of cattle the 
Galloways have been longest establLshed and, in the matter of horns perhaps the most 
rigidly selected, and they are recognized as practically never producing horn edoffspring. 
On the otlier hand, it must be pointed out that there does not exist an inevitable 
incompatibility between the heterozygous condition for polled, on the one hand, 
and tlie “pure-bred” condition, on the other. To be pure bred, from the breeders’ 
standpoint, an animal must recorded in the record books of the breed associations, 
or eligible for such record, or it must be from parents whose recent ancestors were 
thus rdborded or eligible to record. To be sure, homed Galloways are not eligible 
to record, but the herd-book associations make no biological restrictions as to the 
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animal canying horns recessive, and polled Galloway cows may not be disqualified 
as ptire-breds because they happen to produce homed offspring. Therefore, adthougU 
the behavior of the Galloway cows Nos. 154 and 49, one-half of whose offspring by a 
Ppbull have been homed, is "not in harmony with what we would expect" if they 
were pure-br^d animals, nevertheless, it does not serve as conclu^ve evidence that 
they are not such. But if these two cows were tfona fide pure-bred Galloways it is at 
least plain that we can not rely upon pedigree and registration as assurance that 
animals, purchased as pure-breds, are homozygous for the polled trait. 

Thus, in the opinion of these authors the occurrence of horns on the 
heifers were due to their female parents being heterozygous for the 
homed factor. 

In this same paper data on the segregation of polledness are given. 
In back crosses of P^pXpp (where P' fs the polled and p the horned 
factor) 7 polled to 9 homed were obtained where the expectation was 
8 to 8. In P''pxP^p matings 20 polled to 8 homed were obtained 
where the expectation was 21 to 7. Their conclusion (20, p. loza) on 
this evidence would seem substantiated : 

The present results substantiate the allelomorphic nature of the horned and polled 
condition in cattle. 

The citations seem to prove conclusively that polledness is a simple 
Mendelian character. Some exceptions to this conclusion in our crosses, 
the results of which are presented in Table XXVI, gave ground for the 
belief that other factors influenced the result. 


Tablu XXVI . — Behavior of the polled character in the parental and first filial generations 


Sire. 

Descriptloa of inatiag. 

Offspring. 

Taxums Creamelle Henger- 

Homs X horns 

i 

10 horns. 

veld. 



Do 


2 polled (i 9 , 1 d )» 2 loose 
, scurs (i 9 , I r?). 

Do 




(8 polled (79, I c? , slight 
prominence not through 

I skin). 


I 

j 6 loose scurs (6 tT ) . 

1 

hakeland's Poet ! 

Homsyhorti^ 

3 tight scurs (3^). 

U heavy horn (id*). 

3 horns. 

2 polled (2 9)» I homed 

is). 

5 horns. 

I homed. 

Do ! 

, Homs y polled 

Minor crosses: 

Crossbred 0 

Horns Y horns 

Ctxjssbrcd 10 

Polled carrying horns X 

Johanna Lad Manor De Kol . 

horns. 

Homs X horns 

Do. 


On the above interpretation, the data in Table XXVI offer several 
interesting anomalies. The first is an animal resulting from a mating 
of Kayan to the Ayrshire cow Dot Alaska, ^his mating produced a 
male, No. 21 , with heavy 4-inch solidly attached horns (Pi. 6, B). By his 
previous breeding record, where each mating constituted a back*cross, 
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it would seem that Kayan has been shown homozygous for the polled 
character, for if Kayan is considered heterozygous for the polled char- 
acter, we have the impossible ratio of 17 polled to i homed, where the 
expectation is equality. Another assumption is left %pen: ^The scurred 
animals are really homozygous for the homed factor. This hypothesis 
seems unlikely on the following grounds : Scurs are present only where 
polled individuals are also in the stock. The inclusion of the scurred 
animals with the polled ones always improves back-cross ratios of 
polled X homed crosses, whereas the inclusion of scurred individuals 
with the homed group makes the ratios far from probable. 

The same kind of case occurs in No. 31 out of the Aberdeen- Angus 
cow Eventime 4th. Since it ‘has not been possible to test her genetic 
composition in so thorough a manner as that of Kayan, the case may 
be due to Eventime 4th being heterozygous for the horned factor. 

Thus, we have two exceptional cases for polledness which demand a 
supplementary hypothesis to explain their appearance. 

Spillman (41) says that scurs may develop to considerable size, but 
are loose and hollow. It is interesting in this connection, however, to 
point out that 8 loose- to 3 tight-scurred animals occur, a ratio corre- 
sponding well with the expectation of the Fj population for a separate 
factor for loose and tight scup. From this the most probable explana- 
tion would seem to be that loose and tight scurs are due to a simple 
Mendelian factor and not due to any inherent quality of being scurs. 

In another paragraph in the same paper Spillman says that males are 
more likely than females to have scurs. This statement, however, is 
not supported by evidence, and in fact is contradicted by Lloyd- Jones 
and Eward { 20 ), who say their data — 

give no evidence that sex is in any way connected witli the inheritance of these 
characters [Homed and polledness]. 

These investigators offer numerical data on the frequency of scurs. 
In 78 cas^s 6 were scurred and 2 homed. It wdll be seen that this 
frequency is much below that of the data of the author. Unfortunately 
Lloyd-Jones and Evvard do not sex their data; but it is possible to 
group the data of the present author in relation to sex, as is seen in 
Table XXVII. 


Table XXVII. of ff.v to polledness 


Description of mating. 

Polled. 

Scurred. 


Horned. 

Sire. 

Dam. 

Male. 

Female. 

! Solid attach- 
: ment. 

Loose attach- 
ment. 

Male. ' 

Female:. 





Male. 1 Female.; 

Male. 

Female. 

i 


Homed 

Polled 

1 j 

3 

: 7 

1 ' 



I 


Polled 

Homed . . 

I b ,? 

7 

6 


I 




1 1 

1 0 1 






table is based on descriptions made before any idea of tlie influence of testicular secTCtion on the 
of boms La the heterozygous individual was thought of. 

0 This male is recorded with loose scurs just under shin. He died and was put away before this could be 
checked. 
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The polled character in these crosses occurs most frequently in the 
females. In 7 offspring from matings of homed males with polled, 
females, 3 polled females were produced to i polled male; i male and i 
female had scurs ^d i male bad heavy horns. In the reciprocal cross 
of polled male bred with homed female, i male was doubtfully recorded 
as “loose scurs under the skin." He died before this could be checked. 
Of the others, 7 females were polled, 3 males had solidly attached scurs, 
6 had loose scurs, and i was homed. 

These data make it probable that sex has some influence on the 
horned condition. The parallel with the case of sheep is of special 
interest, for castration experiments by Wood and others (57) have 
established the presence of a secretion by the testis which materially 
aids the production of horns in this species. On the basis of this the 
testis in the bull would be expected to secrete a hormone which would 
produce horns with one dose of the homed genes, where two doses of 
the homed gene would be required by the female. 

The parallel is still further emphasized by the variability, both intra- 
and inter-racially of the action of this secretion or homione. Thus, 
Crossbred 9 (Pi. 4, A) at three years had scurs only, whereas Crossbred 
21 at one year had heavy horns. For the case of sheep the work of 
Arkell and Davenport (j) have shown a similar length of time necessary 
for the action of the* secretion in this species {see also ij). 

This variability in the action may be the explanation of the results 
obtained by Lloyd-Jones and Eward {20), where, out of 78 offspring 
of a Shorthorn bull to Galloway cows, they obtained only 6 scurred and 
2 homed animals (see p. 45). Here it is conceivable that in this 
cross the secretion may be small in amount or lacking as in some of 
the merinos that Arkell bred. Such a lowered concentration or amount 
of the secretion would explain the results, as without its aid to the 
growth of horns the male offspring would be polled like the female, 
and the results obtained by Lloyd-Jones and Evvard would be expected; 
This difference in the behavior within a species is still further empha- 
sized by the work of Morgan {24) on the hen-feathered races of poultry. 
In this case the henffeathered character is known to vary all the way 
between a strictly hen-feathered male to one of almost complete cock 
plumage. This variability may also take place in the same bird of 
the Canipine race owing to age or to a difference in the physiological 
state of the bird. 

The position of cattle in the series of animals known to possess such 
a secretion seems intermediate between that of reindeer and sheep, 
since castration experiments on the horned breeds show no retarding 
of the horn growth, although it does tend to make the liom longer and 
more slender. 
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ON THE BEEF QUALITIES OF THE F^ OFFSPRING 

The qualities of an animal which make for the beef or dairy form 
seem to be divisible into four general regions when considered from the 
hereditary point of view. These regions from front *’to batk are head, 
fore quarters, barrel, and hind quarters. It seems wise to have fairly 
broad categories under which to group the qualities of beef or milk 
production. In view of this the descriptive terms chosen to describe 
these animals are beef, beef and milk, milk and beef, and milk, Tables 
XXVIJf shows the characters so grouped. 


Table XXVIIL- 


-Bekavior of the type of head, fore and hind quarters, and barrel, in 
the parental and first filial generation 


j 

Description ol mating. 

' Ofl spring. 

Taurus Creamelle Henger- 

■ Milk X beef 

3 beef and milk, i milk 

veld. 

i 

and beef. 

Do 





4 beef, 14 beef and milk, 2 
milk and beef. 

2 beef and milk, i milk 
and beef. 

I milk and beef, 2 milk. 



Do 

Milk X milk 

Minor crosses: 


Crossbred 0 

do 

5 milk. 

r milk and beef. 

Crossbred 10 1 

Beef and milk X milk. . . , 

Lady Primrose’s Governor i 

Milk X beef 

Do. 

of the Fountain. 

Johanna Lad Manor De Kol 

Milk X milk 

I milk. 

Columbia’s Fox 

Milk X beef 

I beef and milk. 


rORE QUARTERS 


Tannis Creamelle Henger- 
veld. 

Do 

Do 

Milk X beef 

Milk X milk and beef 

Milk X milk 



Do 

Milk X milk and beef 

Minor crosses: 


Crossbred 0 

Milk X milk 

Crossbred 10 

i Beef and milk X milk .... 

Lady Primrose’s Governor 

j Milk X beef 

of the Fountain. 

Johanna Lad Manor De Kol , 
Columbia’s Fox 

' Milk X milk 

Milk X beef 


3 beef and milk, i milk 
and beef. 

1 milk and beef. 

8 milk. 

6 beef, 14 beef and milk. 

3 beef and milk. 

2 milk and beef, i milk. 

5 milk. 

I milk and beef. 

I beef and milk. 

I milk. 

I beef and milk. 


78773 '»— 18 — ^ 
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Tabi,b XXVIII,— BeAawor of the type of head, fore and hind, gmrters, and barrel, in 
the parental and first fiUal generation 


BARK^t 


Sire. 

! 

Description of nutiitg. 

Offspring. 

Taiinis Creamelle Henger- 

. Milk X beef 1 

{ 4 milk and beef. 

veld. 



Do 



Do 



Kay an 

i Beef X milk and beef . . . J 

I beef and milk, i milk 

Do 

j ! 

and beef. 

I beef, 5 beef and milk, ii 
milk and beef. 

3 milk and beef. 

I milk. 

bakeland’s Poet. 

Milk X beef 

Do 

Milk X milk and beef .... 

Do 

Milk X milk 

I milk and beef, i milk. 

Minor crosses; - 


CiTKshrcd o 1 

do 

5 milk. 

I milk. 

Crossbred lo I 

Beef and milk X milk. . . .' 

Lady Primrose's Governor 

Milk X beef 1 

t milk and beef. 

of the Fountain. i 



Johanna Lad Manor Le Kol . 

Milk X milk ' 

I milk. 

Columbia’s Fox ■ 

Milk X beef 1 

I beef and milk. 


HIND quarters 


Taurus Creamelle Henger- ! 

Milk X beef 

4 milk and beef. 

veld. 



Do 

Milk X milk and beef 

I milk. 

Do 



Kay an ^ 

Beef X milk and beef .... 

I beef and milk, i milk 

Do 


and beef. 



milk and beef. 

3 milk and beef. 

1 milk and beef, 2 milk. 

Do i 

Milk X milk and beef ' 

Minor crosses; 


Cmssbrpd n ... 

Milk X milk 

5 milk. 

I milk. 

Crossbred lo 

/Beef 

X milk 

Lady Primrose's Governor 

IMilk ^ 

Milk X heef 

I milk and beef. 

of the Fountain. 

Jonanna Lad Manor De Kol , 

Milk X milk 

I milk. 

Columbia’^ Fov 

Milk X beef 

r heef and milk. 




The dairy and beef qualities are seen to be blended to a considerable 
extent in the offspring. Even with this blending, however, domi- 
nance and recessiveness may be discerned in the crosses. The beef 
qualities are, in general, quite pronounced in the head and fore quarters 
of these hydrids. The dairy qualities seem to predominate in the barrel 
and hind quarters. This conclusion is further supported by a study of 
some exact measurements taken in various parts of the body of these 
animals. While the number of cows having these measurements is 
relatively small, they do show several interesting points. Taken with- 
out regard for their probable errors, the head of crossbreds with Angus 
blood is somewhat shorter in length and broader between the eyes than 
crossbreds of the dairy breeds of the same age. The girth at the last 
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rib for these Angus crossbreds is increased, as is also the width of the 
brisket. The measurements of the hind parts of the body show there 
is no change from the general form of the other crossbreds other than 
a slight shortening of the rump. 

This conclusion is not in entire agreement with the few known recorded 
crosses where descriptions are given. Bruce {12) records crosses result- 
ing from Dexter cattle with Shorthorns as wonderful beef animals. 
Boyd (ro) says of his wide crosses of bisons with domestic cattle that 
the following characters are dominant: A somewhat modified hump of 
the bison, width of hind quarter, and width in front of the beef breeds. 
Nabours (2<5), describing the crosses made by Borden (p) of Bos indicus 
on Bos taurus says a modified hump, great increase in body size, and 
dewlap are characteristic of the progeny, The heavy filling in front 
is characteristic for all of these crosses. Bruce and Boyd, however, 
record an increase in the size and quality of the hind quarters. The 
author finds no such increase in his crosses. 

From his results the author may say that for the improvement of the 
beef qualities of dairy breeds the first -generation crosses result in an 
increased value of the beef qualities in the fore quarters without mate- 
rially influencing the hind quarters. 

MILKING QUALITY OF THE OFFSPRING 

Since the results on the milking qualities of the Fj ofispring are of 
interest, as they are new, it seems well to add them to this study, 
although they are as yet few in number. Tables XXIX and XXX give 
the age, days in milk, production, and the production expected from 
these animals when they reach their maximum at mature form. By 
forming a column for the difference in excess of the parent over that of 
the offspring it is possible to compare their productions and clearly 
bring out the differences. This same method may also be used for both 
fat and fat percentage. Tables XXIX and XXX give the results of such 
treatment. The quantity and the quality of the milk are separately 
treated, as it has been shown by Wilson (49-56), Pearson (5^), and 
others (40), that the quality bears little relation to the quantity of the 
milk flow. 


Tabi^S XXIX . — Transmission of milk production from parental to first filial generation 


Production of dauebter. 

Production of dam. 

i 

Differ- 

ence 

dauxbter- 
dam pro. 
ductioa. 

Matinx. 

1 Aj«. ■ 

Days in 
milk. 

Produc- ! 
tion. 

! 

Corrert 
maxU 
mum for 
too days. 

Ax*. 

Days in 
milk. 

Produc- 
1 tion. 

Correct 
matci- 
mtim for 
too days. 


• os 

a } tti 

• 3 »» 

• 4 1 

no 

lOJ 

Pounds. 

>,016 

a, 31s 

Poustds. \ 

J, 84 > 

•,79s 

3 > 40 S 

Yr.m. d. 
to 8 14 

3 9 1 

S 4 >8 

4 4 % 

1 

104 

96 

IJ 3 

109 

Pounds. 
3 »i 79 
•> 243 

3i ibS 
1,830 

Pounds. 

3,600 

!F,8a6 

t,686 

1,881 

i 

Pounds. 

- «J 4 
! +1,004 

+ 105 
. + 1 , 5*4 


TTT 

ZTS 
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Tabi,K XXX . — Transmission of fat concentration from parental to first filial generation 



Production of daughter. 


i 

Production of dam. 



Mating. 

Age. 

Days in 

milk. 

Fat. 

! 

Correct J 
maxi- 
mum for , 
100 days. 1 

, i 

i 1 

j Age, 

j 

1 Days in 

1 milk. 

i 

1 

Fat, 

Conect 
maxi- 1 
miuu for 
roo days. 

ulce 

daughter- 
dam pro- 
duction. 


i 

Yr.m. d. 

1 3 0 s 

no 

Per cent. \ 
4,4 ^ 

1 i 

. Per cent. ' 
i 404 : 

Vr.«. d. 

i 10 8 14 

i 104 

Per cen'. 

1 2 - 5 ; 

Per cent. 

1 2-7 

Per cent. 

+ 1-7 

IQ2 

2 7 26 

105 j 

3-2 1 

392 j 

3 9 S 

96 

3.4 1 

i 3-5 

_ .3 

iir 

2 J 23 

no : 

r 3-2 

3-2 ! 

, 5 4 2 S 

223 

3.6 1 

1 

- .6 



2 4 7 

1 

1 3 'S 

3 -S 

4 4 S 

109 

S -4 

S-& 

-2.1 


Tables XXIX and XXX show that high milk production tends to 
behave as dominant — that is, in a cross of high -producing lines to low- 
producing lines the offspring tends to have the high production of the 
high line. This agrees well with some unpublished studies on a large 
series where the productions of both parental lines are known. 

Unfortunately a like result can not be said for percentage of fat. 
Here the parental high fat percentage is suppressed in the offspring 
when this parent is crossed to a low line. 

SUMMARY 

This constitutes a preliminary paper on the crossbred herd now being 
brought together by the Maine Agricultural Experiment Station for the 
purpose of studying some of the outstanding problems of dairy hus- 
bandry. 

The first section of the paper is devoted to a study of the inbreeding 
in the foundation herd. It is shown that the inbreeding as measured by 
the best mathematical methods is no greater than would be expected to 
occur in any of the modern breeds when the animals were selected at 
random. Consequently it is safe to assume that the results of the study 
are not due to the width of the crosses, for, as has been pointed out, a 
number of the animals famous in their breed have been far more inbred 
than any of the parental stock used in these experiments. 

The individual records of the animals composing both the parental 
generation and the first and second filial generations are given. 

(1) Black body color is dominant to the other color in the first genera- 
tion. In the second generation an orange-coated bull and a dark Jersey 
dun-coated heifer were segregated out. This is to be explained on the 
basis of a recessive dilutor in the Guernsey, segregated out along with 
the black color. The dark heifer shows that the Jersey does not nor- 
mally possess this factor. 

(2) It has been shown that white marking of the body taken as a whole 
appears as a dominant. Study of the individual white areas, however, 
ixidicate that this is due to white in the inguinal region only, for this 
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alone appears as such a dominant. The white spots on the face (star, 
star snip, and blaze), neck, shoulders, rump, flanks, and legs are, in gen- 
eral, suppressed in their offspring when such animals are mated to solid 
color. ^ 

(3) As has been suggested, but as has never been tested before, the 
pigmented muzzle is dominant to the one not so pigmented. 

(4) Agreeing with the previous work of this laboratory it is shown 
that a pigmented tongue is dominant to a nonpigmented one. 

(5) A black switch appears to cause the suppression of the other 
switch colors jn the offspring. Because of this suppression and because 
all of the matings had at least one animal with a black switch as parent, 
it was impossible to study the behavior of the other colors. There was 
one case of segregation of a deep red -orange switch from a back cross of a 
black animal carrying an orange coat and white switch, genetically. 
This case showed the segregation of the factor for orange switch from 
that for both white and black. 

(6) The character of polledness has been studied. Two-homed ani- 
mals resulting from crosses of polled X horned appeared. On the basis 
of the other results these could have not resulted from a heterozygous 
polled condition. One of these cases had the horns tight on the head 
and the other loose. These cases then form exceptions to the previously 
accepted hypothesis of simple dominance for the polled character and 
require a subsidiary hypothesis. The hypothesis suggested is that the 
testes have some action on the presence or absence of horns. Partial 
proof to this hypothesis is given by the fact that of the polled animals 
10 were females, 2 males, i doubtfully polled. Of those with scurs 1 
female and 7 males had loose scurs; of those with tight scurs all (3) were 
males; of those with horns all (2) were males. This would seem like a 
dear case where the male has some influence. The explanation of this 
difference appears to be due to a hormone secreted by the germ cells. 
Should this prove true, this forms an interesting parallel between cattle 
and sheep, in which the sex glands are known to produce such changes. 

(7) The qualities of beef production are shown to be divisible into 
four general regions of the body; head, fore quarters, barrel, and hind 
quarters. The type of head and heavy, deep fleshed fore quarters are 
transmitted to the offspring when either parent is of Aberdeen- Angus 
breed. The body and hind quarters appear intermediate, but resemble 
most the dairy parents- 

(8) Data are given on the milk and fat production of some of the 
crossbreds. The results indicate that milk and fat production behave 
separately. High milk production is dominant to low, but high fat per- 
centage is recessive to a low fat percentage in the milk. 
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PLATE I 


A. — Eventime 4th: Ttis is a good Aberdeen- Ar^s cow of rather light flediing. 
Note the sire of the udder as compared with that of Hearthbbom. This cow produced 
2,852 pounds of milk for the year, while Hearthbloom produced only 500, 

B. — ^Hearthbloom; The rounded blocky conformation is typical of the Aberdeen- 
Angus breed. Notice the cleanly polled condition. This animal is of better beef 
type than Eventime 4th. 

C. — Orono Netta: Note the typical horns thrown up well over the head. The large 
amount of white distributed over the coat between the red or brown areas is character- 
istic of the Ayrshire breed. 

(SS) 
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PLATE 2 


A. — Lady Primrose's Governor of the Foimtain: This imported bull presents the 
characteristic conformation and white markings of the Guernsey breed. NoUce the 

in the back and the high tail set. 

B. — Crcusa’s Lady: The illustration of this Guernsey cow is inserted to show the 
large areas of white interspersed with the cream-colored hair typical of the coat of this 
breed. The presence of the star is quite characteristic, 

C. — This Holstein-Eriesian bull is of excellent constitution and vigor. He is the 
father of a good number of our crossbreds. Note that most of the white areas that 
are studied individually in this paper arc present in this bull. 



PLATE 3 


A. — Lakeland’s Poet: This Jersey bull exhibits the dark type of pigmentation at 
one end of the range of coat colors characteristic of the breed. He is at the opposite 
end of the range from Lassie of M. F., who shows the light type. He is the father of a 
number of the crossbreds now in the crossbred herd. 

B. — Lassie of M. F. : The light pigmentation of the coat of this Jersey exhibits one 
end of the range of coat colors characteristic of the Jersey breed. The other extreme 
in pigmentation is shown by Lakeland’s Poet (PI. 3, A). The welLhlled condition 
of the udder is typical of this Jersey. 

C. — Crossbred 6: The characteristic shape of the head and carriage of horns show 
plainly the Ayrshire blood of this bull from a Holstein-Friesian X Ayrshire cross. 
The white markings and high cut hind legs do much to accentuate the Ayrshire 
appearance. 
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PIRATE 4 


A. — Crossbred g: Tliis crossbred is essentially of the beef type. The Holstein- 
Friesian blood could scarcely be noticed except, perhaps, in the slightly high cut hind 
quarters. The characteristic scurs of the Angus crossbred male are easily noted. 

B. — Crossbred ii: This animal is distinctly an intermediate between the Holstein- 
Friesian and the Jersey, llie dish of the face and the thin nose and rump show plainly 
the Jersey. The parallel lines of the back and belly diow the Holstdn-Friesian 
influence. 

C. — Crossbred 14: Another Holstein- Friesian- Jersey cross; this time a bull. The 
picture shows that the intermediate type is transmitted to the male as well as to the 
female. 



PLATE 5 

A. — Crossbred 15: This female out of a Jersey X Aberdeen- Angus cross shows 
the characteri^ic polled condition of the females of the Aberdeen- Angus crosses. The 
body type is that of the well-fleshed Jersey rather than the Aberdeen-Ax^;us. 

B. — Crossbred 19: A typical freemartin bom twin with No, 18. The polled condi- 
tion with loose bursas under the skin is interesUi^. The Angus blood is much more 
in evidence than the Jersey, as seen especially in the rounded condition of the body 
and heavy fore quarters. 

C. — Crossbred 23: A Holstein- Friesian X Jersey bull, showing white hind feet and 
switch. He comes from a cross the male parent of which has the marks and the female 
ctf which is solid colm. The pedigree of this female shows that she probably carries 
these marks. 
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PLATE 6 

A. — Crossbred 38: This Fj bull comes from the cross of a black bull Aberdeen - 
Angus-Guemsey X Guernsey. He is solid orange in color, carries horns, the light 
eye ring, and muzzle color of the Guernsey breed. The conformation resembles the 
Guernsey, especially in the regioh of the loin, chine, an d tail set. 

B. — Crossbred 21: This bull is the progeny of Kayan (Aberdeen-Angus clean- 
polled bull) mated with Dot Alaska (Ayrshire). Note the heavy, solidly attached 
boms grown while only a year and four months old. The Aberdeen- blood is 
plainly seeri in the heavy, beefy conformation of this bull. The other homed animal 
had horns even longer than these at this age. 



